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On  Thursday,  May  6th,  1875,  before  daybreak,  the  famous  timber 
viaduct  over  the  Genesee  river  at  Portage,  on  the  Buffalo  division  of  the 
Erie  Kailway,  took  fire,  and  was  totally  destroyed.  The  viaduct  was  850 
feet  long  and  234  feet  high,  built  in  spans  of  50  feet  each,  each  timber 
pier  being  formed  of  three  bents  placed  side  by  side,  and  resting  on  stone 
piers.  The  destruction  of  the  viaduct  was  complete,  not  a  single  stick  of 
timber  being  left  unburnt ;  the  masonry  in  the  bottom  of  the  chasm 
through  which  the  river  flows,  was  badly  scarred  by  the  fire  ;  that  on  the 
banks  was  nearly  destroyed.  The  magnitude  of  the  structure,  and  the  fact 
that  the  railway  had  another  line  over  which  the  Buffalo  business  could 
for  a  time  be  handled,  made  the  erection  of  any  temjjorary  structure 
inexpedient,  and  it  was  at  once  decided  to  rebuild  in  iron. 

On  Monday,  May  10th,  the  contract  for  the  iron  work  was  let  to 
the  Watson  Manufacturing  Co.  of  Paterson,  the  bridge  to  be  built 
according  to  plans  prejsared  by  and  under  the  direction  of  the  writer. 
Arrangements  were  made  during  the  same  week  for  repairing  the 
masonry  ;  a  new  abutment  was  built  at  each  end,  the  piers  on  the  east 
bank  were  taken  dovra.  to  below  the  surface  of  the  gi-ound  and  new  ones 
built ;  those  on  the  west  bank  were  abandoned,  and  new  ones  built  18 
feet  from  them,  the  support  of  the  old  structure  being  considered  too 
near  the  precipice  on  this  side  of  the  chasm;  three  of  the  piers  in  the  chasm 
were  abandoned,  and  the  others  were  repaired  and  provided  with  large 
pedestal   stones  to  sustain  the  iron   work.     In   repairing   the   masonry 


extensive  use  was  made  of  beton  coignet,  with  which  the  upper  surfaces 
of  the  i^iers  were  covered,  and  in  which  the  portions  of  the  piers  exposed 
to  the  constant  action  of  frost  and  water  were  encased.*  The  iron 
work  was  considerably  delayed  by  failures  of  the  rolling  mills  to  make 
pi'ompt  delivery,  and  the  first  iron  column  was  not  raised  till  June  13th. 
On  July  29th  the  iron  was  all  in  position,  on  the  following  day  the  track 
■was  laid  across,  and  on  Saturday,  July  31st,  the  bridge  was  formally 
tested  in  the  presence  of  the  principal  officers  of  the  railway,  besides  a 
large  assemblage  of  spectators,  and  immediately  thrown  open  for  traffic. 

The  new  structure  is  of  the  same  general  character  as  other  iron  via- 
ducts recently  erected  by  American  engineers,  differing  from  them  in 
size  and  in  detail  rather  than  in  any  principle  of  construction. 

The  Buffiilo  division  of  the  Erie  Eailway  for  20  miles  east  and  30  miles 
west  of  Portage,  is  a  single  track  line,  but  the  laying  of  a  second  track 
has  been  contemplated  for  a  number  of  years.  The  bridge  stands  at  the 
foot  of  a  grade  of  1  in  100  about  li  miles  long,  which  it  has  been  pro- 
posed to  reduce  by  raising  the  track  on  the  bridge.  As  the  straitened 
financial  circumstances  of  the  company  demanded  the  least  possible 
immediate  outlay,  it  was  determined  to  build  a  single  track  structure,  but 
one  which  could  be  altered  at  no  great  exjjense  to  accommodate  a  second 
track,  and  on  which  the  track  might  be  raised  about  20  feet,  were  such  a 
change  thought  expedient.  In  designing  the  new  bridge,  the  supporting 
columns  were  all  made  strong  enough  to  carry  a  double  track  superstruc- 
ture; the  trusses  are  of  proper  strength  for  a  single  track  only,  but  placed 
20  feet  between  centres,  and  made  of  a  narrow  pattern,  so  that  when  a 
second  track  is  needed,  the  strength  can  be  doubled  by  placing  similar 
trusses  immediately  alongside  of  them.  Should  it  also  be  thought  expe- 
dient to  change  the  grade,  the  capitals  have  a  sufficient  width  on  each 
side  of  the  tiaiss-bearings  to  support  the  foot-shoes  of  a  new  truss,  the 
bottom  chord  of  which  would  be  directly  above  the  floor  of  the  present 
bridge,  which  new  triiss  could  be  erected  without  disturbing  the  running 
of  trains,  and  on  its  completion,  the  new  double-track  floor  could  be  laid 
on  the  upper  chord  of  the  new  truss.  It  is  believed,  however,  that  the 
"reduction  of  grade  can  be  made  more  easily  by  changing  the  location, 
west  of  the  bridge. 

The  iron  viaduct  has  ten  spans  of  50  feet  each,  two  of  100  feet,  and  one 
of  118  feet,  a  50  feet  span  being  placed  between  each  of  the  long  spans. 
The  trusses  are  supported  by  wrought  iron  columns,  the  ends  of  two 


*  Althougli  this  work  has  has  not  yet  bad  the  trial  of  time,  it  is  telicvod  that  uo  better  or 
more  ecouomical  method  cau  be  found  of  restoring  defective  masonry  to  its  original  strength. 


adjacent  trusses  resting  upon  a  single  column.  The  pair  of  columns  sup- 
porting the  opposite  trusses  ai'e  in  the  same  vertical  plane,  but  are  inclined 
towards  each  other  with  a  batter  of  1  in  8;  they  are  united  with  wrought 
iron  struts  25  feet  apart  and  diagonal  tie  rods,  thus  forming  a  two-post 
bent  ;  each  column  is  connected  with  the  parallel  column  of  the  adjoin- 
ing bent  by  a  similar  arrangement  of  struts  and  diagonal  ties  ;  four 
•columns  with  the  connecting  bracing  are  thus  made  to  form  a  single  skele- 
ton tower,  20  feet  wide  and  50  feet  long  on  the  top,  surmounted  by  a 
50  feet  span  of  bridge,  having  the  same  length  at  the  bottom  and  a  width 
varying  with  the  height  of  the  toAver.  There  are  six  of  these  towers, 
called  for  convenience  of  reference.  A,  B,  C,  D,  E  and  F,  of  which 
towers  D  and  E  are  the  largest,  they  having  a  total  height,  from  masonry 
to  rail  of  203  feet  8  inches,  and  being  69  feet  8  inches  wide  between  cen- 
ti'es  of  columns  at  the  base.      (See  plates. ) 

The  trusses  of  the  superstructure  are  built  of  the  standard  of  strength 
in  general  use  on  the  Erie  Kailway  ;  they  are  proportioned  to  carry  a 
moving  load  of  3  000  pounds  per  running  foot,  with  an  excessive  load  of 
5  000  pounds  i^er  foot,  the  latter  being  used  in  proportioning  the  floor 
system  between  panel  points  and  the  variable  element  in  the  web  system, 
with  a  maximum  tensile  strain  of  10  ODO  pounds  per  square  inch.  The 
tow^ers  are  built  to  carry  a  moving  load  of  5  400  pounds  per  running  foot, 
in  addition  to  the  estimated  -weight  of  a  double  track  superstructure  ;  they 
are  also  calculated  to  resist  a  wind  pressure,  at  right  angles  to  the  bridge, 
of  30  iDounds  per  square  foot,  exerted  on  the  entire  surface  of  the  structure 
^nd  of  a  train  of  cars  on  top,  and  one  of  50  pounds  per  square  foot 
exerted  on  the  surface  of  the  structure  alone.* 

The  maximum  compressive  strain  per  square  inch  allowed  in  the 
columns,  is  6  000  pounds,  and  the  maximum  texile  strain  allowed  in  the 
■diagonals,  15  000  pounds;  as  however  the  diagonals  have  an  important 
stiffening  function  to  perform,  independant  of  the  resistence  to  wind 
effects,  it  was  thought  best  to  use  no  rods  of  a  less  diameter  than  1^ 
inches,  Avhich  size  is  used  everywhere,  except  in  the  upper  section  of  tlie 
towers  which  sustain  the  long  spans,  the  batter  of  the  posts  making  the 
strains  on  all  the  diagonals  comparatively  uniform. 


*  These  strains  have  been  estimated  ou  three  suijpositions.  First.— "When  the  bridge  is  cov- 
•ered  with  a  maximum  load  of  5  400  pounds  per  foot,  besides  the  weight  of  a  double  track  sup- 
erstructure, with  no  wind  pressure.  Second. — When  it  is  covered  with  two  lines  of  loaded  box 
cars,  weighing  together  2  800  pounds  per  foot,  and  the  wind  exerts  a  pressure  of  30  pounds 
per  foot,  at  right  angles  to  the  axis  of  the  bridge.  T/iird.— When  the  wind  blows  with  a  pressure 
-of  50  pounds  per  square  foot  on  the  bridge  alone  with  a  single  track  superstructure. 
This  last  supposition  is  the  one  approaching  nearest  to  the  condition  which  would  overturn 
the  bridge,  but  it  shows  nowhere  a  negative  result  in  the  pressure  ou  the  columns. 


The  columns  rest  upon  cast  iron  pedestals  ;  those  on  the  north  side 
of  the  bridge  being  secured  by  dowels  to  a  cast  iron  plate  sunk  in  the 
masonry,  and  those  on  the  south  side  being  placed  oti  rollers,  roUing  at 
right  angles  to  the  axis  of  the  bridge  ;  the   pedestals   are  connected  by 
eye-bars  to  take  up  the  thrust  due  to  the  inclination  of  the  posts,  and  are 
kept  apart  by  struts  adjustable  with  wedges,  to  resist  the  inward  thrust 
caused  by  screwing  up  the  diagonals.     This  arrangement,  which  is  not 
needed  in  smaller  iron  structures,  was  thought  important  here,  in  order 
to  relieve  the  masonry,  which  is  old,  from  all  possible  thrust,  while  the 
use  of  an  adjustable  strut  makes  it  possible  to  throw  all  the  tensile  strain 
due  to  the  inclination  of  the  posts,  on  the  horizontal  ties,  leaving  the 
diagonals  to  perform  only  their  function  of  wind  and  vibration  stiffness. 
The  columns  are  made  in  25  feet  lengths.     They  are  formed  of  three 
plates  and   four  angle  irons,  Avith   a  lacing  on  the  fourth  side,  so  that 
the  interior  of  the  column  is  accessible  for  painting,     The  angles  are  all 
4  X  4  X  i  inches,  and  the  j^lates  are  all  15  inches  wide  ;  the  back  plate 
is  of  the  same  thickness  for  the  whole  length  of  each  column,  while  the 
thickness  of  the  side  plates  is  varied  to  provide  for  the  increased  strains 
in  the  lower  sections.  The  thinnest  plate  used  is  h  inch  thick,  this  being  the 
back  plate  of  the  columns  on  which  the  ends  of  two  short  sj)ans  are  carried. 
The  ends  of  the  several  lengths  are  squared  and  faced,  and  they  rest 
directly  upon  one  another  without  joint  boxes  of  any  kind  ;  the  ujiper 
end  of  each  length  is  fitted  with  two  projecting  plates  which  form  a  tenon; 
the  length  above  fits  over  the  tenon  plates  and  is  secured  to  the  lower 
length  by  a  turned  pin  of  li  inch  diameter  passing  through  carefully 
bored  holes  ;  this  same  pin  serves  for  the  attachment  of  the  longitudinal 
rods.   A  second  pin  at  right  angles  to  this  one,  is  jjlaced  a  few  inches  be- 
low the  joint  and  forms  the  attachment  for  the  transverse  strut  and  ties  ; 
the  end  of  the  strut  fits  in  between  the  side  plates  of  the  column  and  is 
held  by  the  pin  ;  the  diagonal  ties  are  attached  to  the  pin  on  each  side  of 
the  column,   they  being  everywhere  in  pairs.     The  longitudinal  strut, 
which  is  nearly  50  feet  long,  is  built  in  the  form  of  a  light  lattice  truss,  is 
2  feet  deep  and  1  foot  wide,  with  the  ends  squared  and  butting  against 
the  side  of  the  column;  it  is  further  secured  by  bolting  it  to  lugs  attached 
to  the  side  plates  and  is  stiffened  by  angle  iron  braces  connecting  it  with 
the  corresponding  transverse  struts,  10  feet  from  each  end.   The  lengths 
of  the  transverse  struts  vary  from  20  feet  at  the  top  of  the  tower  to  64  feet 
at  lowest  joint  in  the  main  towers;  the  three  lower  struts  are  made  in  two 
parts,  connected  with  splice  plates  and  supported  by  a  light  central  post; 
tlie  first  and  second  struts  are  further  stiifened'by  an  intermediate  longi- 
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tutlinal  strut  and  a  system  of  liorizontal  diagonal  rods.  The  wrought  iron 
cohxmns  are  surmounted  by  capitals  of  cast  iron.   (For  details,  see  plates. ) 

The  towers  were  raised  with  no  other  falsework  than  that  actually 
used  in  hamlling  the  material  of  each  successive  section.  Before  begin- 
ning to  raise  a  tower,  a  floor  of  long  timbers  reaching  from  jiier  to  pier  and 
loose  boards,  was  laid  at  the  site  of  the  tower  ;  on  this  floor  was  erected  a 
frame-work  30  feet  high,  and  composed  of  two  bents,  one  on  each  side  of 
ihe  tower  ;  each  bent  consisted  simply  of  two  posts  48  feet  apart  and  a  cap 
•55  feet  long,  braced  with  planks  across  the  corners.  These  bents  were 
iept  in  an  upright  position  by  long  inclined  braces  reaching  from  near 
the  top  of  each  j)ost  to  the  floor.  Sets  of  falls  were  attached  by  slings  to 
the  projecting  ends  of  the  caps,  and  with  these  falls  the  lower  lengths  of 
the  columns  were  lifted  by  a  hoisting  engine  and  placed  in  position,  the 
transverse  and  longitudinal  struts  were  then  put  in  place  and  the  diagonal 
ties  i^ut  on,  the  longitudinal  ties  being  temporarily  attached  by  a  hook 
and  eye  plate  to  the  same  pin  with  the  tranverse  ties.  A  gin  pole  55  feet 
high,  was  then  lashed  to  each  column  and  these  gin  poles  were  used  to 
transfer  the  floor  and  frame  to  the  top  of  the  lower  section  of  tower  now 
completed.  The  same  operation  was  then  repeated  with  the  second 
length  of  columns,  which  were  placed  over  the  tenon  plates  of  the  lower 
length,  and  secured  by  the  pins  ;  this  done,  the  longitudinal  ties  were 
■changed  from  their  temporary  connections  to  the  permanent  ones.  When 
the  second  section  of  the  tower  was  completed,  the  frame  was  used  to  raise 
the  gin  poles,  which  were  lashed  again  to  the  columns  and  rested  on  the 
longitudinal  struts.  The  floor  and  frame  were  then  raised  again,  and  the 
process  repeated  tiU  the  tower  attained  its  full  height.  *  Tower  D,  the  last 
tower  raised,  weighing  277  000  pounds,  was  entirely  erected  in  11  days, 
one  day  only  having  been  previously  spent  in  erecting  the  staging  for 
the  first  section. 

The  50  feet  spans  are  of  simple  design  and  offered  no  special  difficulties 
in  erection,  as  single  sticks  of  timber  were  long  enough  to  reach  from  bear- 
ing to  bearing.  The  longer  spans  required  more  staging.  For  this  purpose 
four  combination  Pratt  trusses  were  built,  the  tops  chords  of  which  were 
made  of  four  pieces  of  pine  4  x  10  inches,  packed  in  pairs  and  sprung 
about  4  feet  apart  at  the  centre  ;  the  bottom  chord  was  of  straight  paral- 
lel eye  bars,  and  the  posts  V  shaped;  the  form  of  the  top  chord  made  the 
truss  stift'  without  lateral  bracing.  These  trusses  were  put  together  be- 
low and  raised  by  block  and  falls  to  the  bottom  of  the  upper  section  of 
the  towers  where  they  were  placed,  resting  upon  the  transverse  struts,  two 

*  This  system  of  scaffolding  was  designed  by  Mr.  J.  H.  Drake,  superintendent  of  erectiou 
for  the  contractors,  and  did  excellent  service. 
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being  used  for  eacli  span.  A  suitable  staging  was  then  erected  on  them 
and  the  i^ermanent  truss  was  put  together,  the  materials  being  run  out 
from  the  end  of  the  bridge.  The  first  long  sj)an  completed  was  that  of 
118  feet  length,  between  towers  E  and  F,  the  east  100  feet  span  being  in 
progi'ess  at  the  same  time.  The  false  trusses  were  then  lowered  into  the 
chasm,  taken  apart,  removed,  put  together  again,  and  made  use  of  to  raise 
the  middle  span  between  towers  D  and  E  which  completed  the  bridge. 

The  trusses  are  of  the  sim^Dle  Pratt  pattern,  with  no  other  peculiarity 
than  that  they  are  made  very  narrow,  the  top  chord  being  of  I  shape, 
formed  of  a  plate  and  four  angles.  The  laterals  are  attached  to  short 
vertical  pins  which  pass  through  yokes  fitting  over  the  truss  pins  ;  these 
yokes  are  drilled  with  two  sets  of  holes,  only  one  of  which  are  now 
used;  the  trusses  are  placed  19  feet  10  inches  apart  between  centres  ;  when 
a  second  track  is  to  be  put  on,  it  is  proposed  to  draw  the  trusses  8  inches 
nearer  together,  making  the  lateral  attachment  in  the  other  set  of  pin- 
holes, and  to  raise  another  truss  outside  of  each  of  the  existing  trusses. 
To  give  additional  stiffness  to  so  narrow  a  chord,  a  double  set  of  laterals 
are  used,  attaching  at  the  middle  of  each  panel  as  well  as  to  the  pins. 
One  end  of  each  long  truss  is  bolted  to  the  iron  capital  of  the  column, 
and  the  other  is  placed  on  rollers,  but  connected  with  the  next  truss  by 
iron  loops  passing  over  the  end  pins  of  each  span,  and  which  allow  only 
the  amount  of  motion  needed  for  expansion.  The  short  sjians  over  the 
trasses  are  bolted  to  the  capitals  at  both  ends  ;  the  others  are  arranged 
in  the  same  manner  as  the  long  spans.  The  end  pins  of  the  50  feet 
spans  are  placed  6  inches  from  the  centre  of  the  columns,  and  those  of 
the  long  spans  only  3  inches,  so  that  under  a  full  load  the  centre  of 
weight  comes  directly  in  the  line  of  the  centre  of  the  column. 

The  plans  of  this  viaduct  were  prepared  in  the  hurry  of  a  pressing 
necessity,  and  were  obliged  to  conform  in  a  measure  to  the  plan  of  the 
original  timber  structure.  Had  there  been  no  masonry  already  standing, 
it  would  have  been  preferred  to  place  the  two  bents  of  each  tower  only 
25  or  30  feet  apart,  and  so  avoid  the  unusual  length  of  the  longitudinal 
struts.  The  main  principle  of  the  plan  may  be  said  to  be  that  which 
characterizes  all  American  bridge  building,  and  is  the  leading  difiference 
between  the  works  of  American  and  European  engineers  in  this  depart- 
ment; the  concentration  of  the  material  into  the  least  possible  number  of 
parts,  a  principle  whose  advantages  are  believed  to  be  even  gi-eater  in 
large  and  lofty  viaducts  of  the  class  of  the  Portage  bridge,  than  in  the 
construction  of  trusses  of  long  spans,  to  which  it  has  been  so  generally 
and  successfully  applied.     In  the  towers  of  the  new  Portage  bridge,  the 


supporting  materiiil  is  all  conceutrated  iu  4  heavy  posts,  one  at  each 
corner,  the  mass  of  these  posts  giving  greater  stiffness  than  eonkl  be 
obtained  from  the  same  quantity  of  material  distributed  among  several 
smaller  members,  and  at  the  same  time  offering  a  minimum  wind  sur- 
face. The  apparent  objection  of  the  concentration  of  a  large  weight 
on  a  single  point  is  less  than  would  at  first  appear  ;  the  greatest  weight 
which  will  be  thrown  on  the  base  of  any  one  column  of  the  Portage 
bridge  when  completed  to  form  a  double  track  structure,  will  be  357  500 
pounds,  which  distributed  over  the  base  of  the  pedestal  stone,  4  feet 
square,  amounts  to  155  pounds  per  square  inch,  a  pressure  much  less- 
than  is  found  under  the  bearings  of  many  truss  bridges.  The  minimum 
thickness  of  the  Portage  piers  below  the  coping  is  10  feet,  and  allowing: 
for  an  equal  distribution  of  strain  by  the  masonry  in  all  directions,  the 
pressure  imposed  by  the  structure  and  load  on  a  surface  10  feet  square  is 
only  24.8  pounds  per  square  inch.  With  great  heights,  however,  the 
side  batter  of  posts  necessitates  the  use  of  very  long  transv  erse  struts  in 
the  lower  sections  of  the  towers,  which  are  objectionable,  requiring  at 
Portage,  intermediate  vertical  posts  and  lateral  bracing  to  stiffen  them, 
while  the  expansion  and  contraction  of  the  iron  becomes  very  consider- 
able. These  difficulties  Avould  be  avoided  by  building- 
towers  of  the  form  shown  in  the  marginal  sketch,  the 
lower  portion  being  formed  of  two  independent  towers, 
the  columns  of  which  are  brought  together  at  the  top, 
and  which  will  have  a  maximum  lateral  stiffness  with 
a  minimum  of  diagonal  bracing ;  these  two  towers 
could  be  placed  in  their  turn  on  three  lower  towers,  and  in 
this  manner  a  tower  of  indefinite  height  could  be  erected 
without  the  use  of  a  single  long  compression  member. 

The  floor  of  the  new  Portage  bridge  is  of  timber  and  designed  to  give 
the  track  an  elastic  bearing  which  will  relieve  the  iron  from  the  impacts, 
of  suddenly  applied  weights.  It  is  formed  of  oak  timbers  8  x  14  in- 
ches, 22  feet  long,  placed  only  10  inches  apart  and  resting  on  the  chords 
of  the  trusses.  Two  ribbons  of  pine,  9  x  9  inches,  sized  to  8  inches,  are 
placed  10  feet  aj)art,  bolted  with  inch  bolts  to  every  floor  timber,  and 
serve  to  distribute  the  weight  thrown  on  any  one  beam,  over  the  several 
adjoining  ones.  The  rails  are  laid  directly  on  the  oak  timbers.  A  foot- 
walk  of  light  plank  is  laid  outside  of  each  ribbon,  and  a  substantial 
railing  of  wood  completes  the  structure.  During  the  passage  of  a  train, 
a  person  on  the  foot-walk  notices  a  slight  tremor,  due  to  the  spring  of 
the  floor  timbers,  but  in  the  towers  very  little  vibration  is  felt. 
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The  top  surface  of  the  river  piers  was  badly  shattered  by  the  fire,  and 
the  lower  courses  of  stone  were  badly  broken  by  the  action  of  frost  and 
water,  the  stone  of  which  they  were  buill  not  being  of  the  best  char- 
acter. In  placing  the  pedestals,  the  broken  upper  stones  were  removed 
and  a  good  bearing  secured.  As  a  protection  to  the  masonry,  the  entire 
upper  surface  of  the  piers  was  covered  with  a  layer  of  beton  coignet. 
The  lower  courses  of  the  piers,  which  rest  on  the  rock  bottom  of  the 
river,  were  enclosed  in  cribs  of  sawed  oak  timber,  placed  18  inches 
from  the  stone,  and  the  space  between  the  timber  and  stone-work  filled 
with  beton  well  rammed. 

The  total  weight  of  iron  in  the  bridge  is  1  310  000  pounds,  divided  as 
follows  : — 

POUNDS.  POUNDS. 

Tower  A 43  860 

"      B .57  867 

"      C 185  048 

"      D 277  890 

"      E 284486 

"      F 48  399 

Total  Weight  of  Towers 897  5.50 

10  Spans,  50  feet  each 197  420 

2       "      100    "       "     128910 

1       "      118    "       "     86  120 

Total  Weight  of  Saperstructuro 412  4.50 

Total 1  310  000 

The  amount  of  timber  in  the  floor,  foot-ways  and  railing  is  112  318 
feet  of  oak  and  18  300  feet  of  pine  (B.  M.),  while  27  987  pounds  of  iron 
were  used  in  bolts  and  washers,  the  heavier  bolts  being  all  bolts  taken 
from  the  ruins  of  the  old  bridge. 

The  total  cost  of  the  iron  work  was  $87  973,  this  being  for  the  struc- 
ture erected  comi^lete,  but  including  no  transportation  of  manufactured 
material  or  painting  after  erection.  The  oak  floor,  with  hand-rail  and 
foot-ways  complete,  cost  ^6  200,  and  the  painting  (one  coat  only),  $1  200; 
so  that  cost  of  the  entire  structure  above  masonry,  did  not  exceed  $95  000, 
a  striking  example  of  the  present  low  price  of  iron  work  and  the  economy 
of  American  skeleton  structures.* 


*  The  original  structure  was  begun  July  1st,  1851,  and  completed  August  14th,  1852;  it 
contained  1  602  000  feet  (B.  M.)  of  timber,  and  108  862  pounds  of  iron;  in  the  foundations  were 
9  200  cubic  yards  of  masonry.     The  entire  cost  was  about  $140  000.     (G.  L.) 
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In  a  paper  read  before  the  Society  in  February  and  April,  1874,*  the 
writer  gave  an  account  of  a  series  of  researches  -nhich  he  had  made  with 
u  novel  form  of  apparatus,  and  illustrated  the  work  by  fac-similies  of  a 
collection  of  automatically  i)rodui'ed  strain-diagrams.  The  new  method 
of  investigation  adopted  and  tlu^  importance  of  some  of  the  conclusions 
deduced  from  the  autographic  records  have  attracted  much  attention  and 
the  paper  has  been  extensively  republished.!  It  has  rectnitly  bc»Mi  trans- 
lated into  the  German  for  Dingier's  Polytechnisches  Journal,  and  its 
publication  has  been  followed  by  a  paper  by  a  distinguished  colleague  of 
the  writer,  Prof.  Kick,J  of  the  Institute  of  Technology  at  Prague,  who 
makes  a  number  of  criticisms^  which  indicate  that  it  may  be  advisable  to 
consider  some  of  the  more  obscure  innnts  in  the  original  ]>aper  at  gn-ater 
length  and  to  exhibit  the  sources  of  the  erri)rs  wliich  have  been  com- 
mitted by  the  critic. 

The  first  criticism  made  by  Prof.  Kick,  as  will  be  seen  by  a  perusal  of 
the  paper,  a  translation  of  which  is  herewith  given, ||  is  a  statement  that 
important  discrepancies  exist  between  the  results  obtixined  experimentally 


*  Transactions.  Vol.  II.  page  3i9:  Vol.  Ill,  page  1 ;  +  Journal  of  the  Franklin  Institute,  1S74  : 
Van  Nostraud'.s  Mag.,  1S74;  Dingier's  Polytei-bnic  .lournal,  etc.,  etc.,  187,') :  t  International 
Jury,  Vienna,  1873  ;  S  Kritik  Uber  R.  H.  Thurston's  untersucbeu  uber  festickeit  uml  elas- 
ticitat  der  constructions;  Materialeu  Vou  Frieilricli  Kick,  Btl.  218,  H. ;». 

II  Criticism  ok  R.  H.  THUitsioN't.  •' Rese.\iuhes  on  the  Stkkngth  and  El.^stuity  of 
THE  M.\TERI.\LS  OF  CossTBCCTiON,"  iiv  FiUEnuu'H  KicK.— Translated  from  Diugler's  Poly- 
technisches Journal ;  Baud  218,  H.  8. 

The  results  of  Thurston's  investigations  of  the  strength  and  elasticity  of  materials,  no  less 
than  the  ingenious  deductions  therefi-om,  require  the  more  thorough  examination  because 
of  the  important  discrepancies  arising  between  those  results  and  the  experiments  instituted 
by  myself  for  the  determination  of  the  relations  of  tensile  and  compressive  forces  as  iutlu- 
euced  by  changes  of  form. 
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by  tlie  author  of  the  criticism  and  by  the  writer.  This  difference  is  at- 
tributed to  an  assumed  peculiarity  of  the  a^jparatus  and  of  the  method  of 
experiment  adopted  by  the  writer,  whicli  is  asserted  to  produce  serious 
errors.  That  such  a  difference  does  appear  between  the  results  obtained 
by  the  writer  and  the  critic  is  undoubtedly  the  fact  ;  that  they  are  at- 
tributable to  the  cause  assigned  is  less  evident,  and  what  follows  may 
l^rove  the  assertion  entirely  unfounded.  The  critic  makes  an  assumption 
of  faulty  manipulation  without  evidence  of  its  existence  and  then  claims 
to  "prove"  mathematically  that  the  apparatus,  which  is  asserted  to  be 
"dynamic"  in  its  action,  records  its  results  statically  and  thus  intro- 
duces fatal  errors  of  record. 

The  mathematical  portion  of  the  paper  is  correct,  and  we  will  take- 
advantage  of  that  fact  and  will  show  how  far  the  adverse  element — the 
resistance  due  to  the  acceleration  of  Aveight — whicli  is  so  boldly  asserted 
to  be  the  cause  of  "serious"  errors,  is  likely  to  introduce  such  errors. 

Taking  an  extreme  case,  supposing  a  perfectly  rigid  test-piece  ta 
be  under  test,  the  velocity  of  motion  of  the  weight  would  be  precisely 
equal  to  that  of  the  handle  and  would  be  a  maximum.  Actually,  the 
test-piece  always  yields  and  the  velocity  of  the  weight  is  invariably  less 
than  that  of  the  handle.  In  the  greater  number  of  cases,  the  weight 
moves  with  much  less  rapidity  than  the  handle,  even  when  moving  at 
its  highest  rate  of  speed,  and  during  the  greater  part  of  the  test,  the 
rate  of  motion  of  the  weight  is  so  low  as  to  be  imperceivable  and  inca- 
pable of  measurement,  and  at  other  times,  the  weight  actually  moves 
slowly  downwards,  as  is  seen  by  reference  to  the  published  strain-dia- 
grams, on  which  the  relative  motion  of  weight  and  handle  can  be  readily 
determined. 

The  motion  of  the  weight  is,  in  fact,  independent  of  that  of  the  handle 
and  varies  with  the  resistance  of  the  test-piece,  rising  or  falling  as  that 
resis.tance  increases  or  diminishes,  always  slowly  and  almost  invariably 

The  study  of  Thurston's  treatise  iuclicated  that  a  certain  error,  sometimes  insignificant, 
sometimes  important,  was  inherent  in  the  results,  the  source  of  which  was  to  be  found  iu 
Thurston's  testing  machine.  This  machine,  acting  dynaracally,  records  its  results  as  if  they 
were  statical,  the  greater  the  velocity  adopted,  the  greater  is  this  error.  This  assertion  is  proven 
as  follows  : 

If  a  weight  be  suspended  by  a  spring,  when  equilibrium  occurs— whether  for  rest  or  mo- 
tion—the  tension  of  the  spring  is  proportional  to  the  weight.  As  soon,  however,  as  accelera- 
tion takes  place,  in  the  case  of  transition  from  rest  to  motion,  as  well  as  with  varying  velocities 
during  motion,  the  tension  on  the  spring  must  change;  this  variation  may  be  expressed  by  the- 
variation  of  S  In  expression 

for  uniformly  accelerated  motion,  in  whii'h  S  is  the  tension  on  the  spring  ;  n  is  the  velocity  at 
the  end  of  the  time  /,  and  g  is  the  acceleration  of  gravity =9. 808  m. 
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with  very  much  less  velocity  than  that  of  the  handle.  In  making^ 
tests  with  this  machine,  the  handle  is  always  moved  very  slowly,  and 
when  attempting  to  secure  diagrams  for  scientific  j)urposes  especial  pre- 
caution is  taken. 

The  following  figures  represent  the  rate  of  motion  of  the  handle,  meas- 
i;red  alternatel;^  for  a  somewhat  rapid  and  for  an  ordinarily  slow  motion. 
The  motion  of  the  weight  is,  as  has  been  shown,  very  miich  slower. 


Time. 

Angle. 

E.  Cos. 

Space. 

Max.  Moment. 

w 

1  Min. 

16°.on. 

47.125 
1.197 

in. 
m. 

13.54    in.  • 
0.362  m. 

135.987  ft.  lbs. 

(B) 

2  Min. 

37°.66 

38.7.5 
0.984 

in. 
m. 

32.00    in. 
0.813  m. 

292.755 

{O 

1  Min. 

IC^OO 

47.125 
1.197 

iu. 
m. 

18.54    in. 
0.362  m. 

135.987 

{D) 

1  Min. 

. 

39.00 
0.996 

in. 
m. 

31.70    in. 
0.805  m. 

291.70 

Where  the  effort  was  made  to  attain  greater  rapidity  of  motion,  the 
following  results  were  obtained : 


R.  Cos. 

Space. 

Max.  Moment. 

40.75    in. 

28.78    in. 

267.02    ft.  lbs. 

1.035  m. 

0.761  m. 

33.00    in. 

40.03    in. 

350.98     "      « 

0.838  m. 

1.032  m. 

Let  I  r=  1  second,  and  let  r  have  the  following  successive  vahies  for  the  corresponding 
values  of  S,  and  the  value  of  G  will  be  : 


-G.— 
1.04 


0.1  M.  0.4  2.0  0.05  M.         0.20  1.00  1.01  1.04  1.2(V 

0.2  0.5  3.0  0.10  0.25  1..50  1.02  1.05  1.30 

0.3  1.0  4.0  0.15  0..5U  2.00  1.03  1.10  1.40 

Thus,  even  when  the  increase  due  to  uniform  acceleration  amounts  to  but  1  ii.  per  second, 
the  tension  will  be  20  per  cent,  greater  than  in  the  case  of  equilibrium. 

Let  us  apply  this  investigation  to  the  Thurston  machine  in  which  tests  are  made  by  torsion. 
By  depressing  the  lever  O,  B  rises,  the  axes  of  both  being  united  by  the  test-piece  lying  in  the 
jaws.     (For  description  of  the  machine,  see  Transactions,  Vol.  II,  page  350,  &c.,  Translator.) 

We  may  liken  this  apparatus  to  a  balance  to  which  has  been  added  an  automatic  recording 
apparatus  which  records  the  constantly  increasing  pressures  exerted  upon  the  lever  C,  and 
which  are  transmitted  to  the  weighted  lever  B  by  means  of  the  test-piece.  These  records  can 
only  be  based  upon  statical  laws  ;  for  Thurston  actuates  a  movable  recording-pencil,  attached 
to  the  weighted  arm  by  a  fixed  and  invariable  guide-curve  which  can  only  be  constructed  by 
reference  to  the  statical  moments  of  the  weight  D. 

Neglecting  unavoidable  sources  of  error  which  are  present  in  all  automatic  recording  ap- 
paratus, this  has  one  great  defect. 
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Prof.  Kick  states  correctly  the  resistance  clue  to  acceleration  of  the 
anotion  of  the  weight  as  equal  to   ~-~,  andthe  total  amount  of  stress  as 

*="+;! m 

in  which  expression,  S=  the  total  stress,  r  =  the  acquired  velocity  at  the 
■end  of  the  time  /,  (?=the  weight  and  g  =  the  acceleration  of  gravity 
=  32i  feet  =  386  in.  =9.  8  m. 

S  .  T 

0='^Jt (2) 

Then,  for  the  several  cases  just  given,  assuming  the  velocities  to  l:>e  those 
of  the  weight,  as  improperly  asserted  by  Prof.  Kick,  we  get  : 

<-)-'^-^  +  ll^— -^ 

And  for  those  eases  in  which  the  rate  of  acceleration  was  made  as  great 
as  could  be  obtained  by  the  exertion  of  all  the  strength  of  the  operator  : 


It  is  constructed  upon  the  basis  of  statical  relations.  In  using  the  machine,  equilibrium 
does  not  exist,  but  motion.  The  diagrams  must  therefore  deviate  the  more  from  the  truth, 
the  more  suddenly  and  the  more  rapidly  the  lever  C  is  moved.  If,  therefore,  the  greatest  cart^ 
is  not  takea  in  experimenting,  using  low  velocities  and  a  steady  hand,  the  diagrams  will  be  in- 
correct ana  entirely  untrustworthy  for  strictly  scientific  researches.  No  proof  is  required  to 
show  that  the  same  force  is  required  to  produce  the  same  acceleration,  whatever  the  position 
of  the  lever  carryiug  the  weight  at  the  beginning  of  the  acceleration. 

The  moment  of  the  force  producing  acceleration  must  be  added  to,  or  subtracted  from,  the 
moftent  of  the  weight  D,  according  to  the  direction  of  the  motion.  Ouly  the  latter  is  graph- 
ically recorded— the  former  is  not.  The  error  thus  arising  would  be  constant  for  a  uniform 
acceleration  and  could  be  corrected  by  drawing  a  line  parallel  to  the  curve,  were  it  possible  to 
move  the  lever  C  with  a  uniform  acceleration.  But,  since  this  cannot  be  done  by  hand,  such  a 
rectification  of  the  graphical  record  of  the  Thurston  machine  cannot  be  made. 

Further,  we  have  :  that  the  above-given  quantity  which  is  to  be  added  or  subtracted  is 
relatively  of  greater  iufiuonce,  the  less  the  torsional  moment  of  the  weight  D;  in  other  words, 
the  errors  of  the  diagram  due  to  the  movemeut  of  the  weight  are  of  most  importance  at  the 
initial  portion  of  the  diagram,  within  the  elastic  limit. 

It  is  possible  that  the  peculiar  forms  of  the  diagrams  6,  10  and  85,  Plate  B  (Plate  II,  Vol.  II, 
j)age  378),  which  are  convex  to  the  axis  of  abscissas,  are  a  consequence  of  the  more  rapid  motion 
of  the  hand-lever  during  those  experiments,  and,  as  well  as  the  irregularities  of  the  lines  of 
the  diagrams,  may  be  partly  explained  by  this  dynamic  action  of  the  machine. 

When,  therefore,  Thurston  says  :  "  (1.)  To  determine  the  homogeneousness  of  the  mate- 
rial, examine  the  form  of  the  initial  portion  of  the  diagram  between  the  starting  point  and  the 
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It  is  seen  from  the  above  tliat  the  maximum  possible  errors,  due  to> 
the  cause  assumed  by  the  critic  as  the  source  of  the  discrepancies  which 
he  has  found  to  exist  between  his  work  and  the  self -recorded  results, 
given  by  the  autographic  machine,  are  necessarily  some  fraction  of  one- 
eighth  of  one  per  cent.  Every  experienced  investigator  in  this  depart- 
ment of  scientific  research  knows,  however,  that  this  limit  of  error  falls . 
far  within  the  limit  of  variation  of  quality  of  every  material  of  construc- 
tion, even  when  nominally  of  the  same  grade.  The  criticism  is  therefore 
seen  to  have  no  practical  weight. 

Now,  determining  the  relative  motion  of  handle  as  given  above,  and . 
of  the  weight,  from  the  strain  diagTams  published,  and  taking  wrought; 
iron  as  the  best  illustratiYe  example,  it  will  be  seen  that,  within  the  elas- 
tic limit,  the  error  claimed  to  destroy  the  value  of  the  data  secured  may 
possibly  amount  to  0.001,  and  that  at  the  limit  of  elasticity  even  this  error 
entirely  disappears,  since  the  weight  there  ceases  rising.  Beyond  the-^ 
limit  of  elasticity,  the  error  is  that  diie  to  a  rise  of  the  weight  equal  to  an 
exceedingly  minute  fraction  of  the  motion  of  the  handle,  and  is  so  small, 
that  it  would  be  quite  impossible  to  detect  it  on  the  diagram  by  any 
method  of  measurement  in  use.  The  criticism  of  the  distinguished 
author  of  this  "  It itiJc"  is  thus  seen  to  be  quite  insufficient  to  account 
for  the  discrejiancies  noted  by  him.  He  is  quite  right  in  looking  for  the 
source  of  error  in  the  machine — provided  that  the  results  of  the  writer 
are  erroneous  and  those  of  Prof.  Kick  are  right — for,  in  the  former,  the 

sudden  change  of  direction  whicli  has  been  shown  to  indicate  the  elastic  limit.  Notice,  also,  the. 
inclination  from  the  vertical,  and  compare  it  with  the  inclination  of  the  elasticity -line. 

"  A  perfectly  straight  line,  beneath  the  elastic  limit,  perfectly  parallel  with  the  elasticity- 
line,  shows  the  metal  to  be  homogeneous  as  to  strain;  i.e.,  to  be  free  from  internal  strains, 
such  as  are  produced  by  irregular  and  rapid  cooling,  or  by  working  too  cold.  Any  variation 
from  this  line  indicates  the  existence,  and  measures  the  amount  of,  strain"  {Vol.  Ill,  page  2). 
The  first  sentence,  in  consequence  of  the  inherent  error  in  the  apparatus,  is,  in  general,  incor- 
rect. 

An  indisputable  and  convincing  proof  that  Thurston's  machine  is  inapplicable  to  scientific 
investigations  is  found  in  the  diagrams  101  and,  particularly,  m  118,  Plate  C  {Plate  III,  Vol.  Ill, 
page  30).  The  diagrams  show,  at  b,  c  and  and  at  6'  c',  that  a  rapid  increase  of  velocity  is  fol- 
lowt'd  by  a  rapid  sinking  of  the  line.  This  must  necessarily  occur  ;  for  the  pencil  of  the 
registering  apparatus,  in  consequence  of  the  ijeculiarity  of  this  construction,  does  not  record 
that  moment  which  is  exerted  in  the  acceleration  of  the  weight  of  those  parts  which  are  set  in 
motion  by  the  test-piece . 

But  Thurston  deduces  from  these  diagrams  a  direct  reply  iq  the  question :  what  is  the  rela- 
tion of  the  resistance  of  the  test-piece  to  rapid  or  slow  distortion  ?  He  deduces,  from  the  fall 
of  the  line  of  the  diagram  with  the  motion,  that  the  resisfance  decreases  as  the  velocity  of 
strain  increases.  We  have  seen  that  this  assertion  is  not  confirmed  by  those  diagrams.  That 
Kirkaldy  has  reached  the  same  conclusion  may  be  due  to  a  similar  misinterpretation  of  the 
results  of  experiment.  If  Thurston's  diagrams  could  give  a  definite  answer  to  the  question, 
they  would  rather  read — the  resistance  is  independent  of  the  velocity  of  distortion. 

Referring  to  the  conclusions  deduced  by  Thurston's  incorrect  method,  it  is  remarkable  to 
find  it  stated  that :  "  To  determine  the  resilience  of  the  material  within  any  assumed  limit  of  . 
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story  is  told  by  the  macliine  itself  and  cannot  be  attributed  to  errors  of 
personal  observation  as  may  those  existing  in  dat^a  acquired  by  the 
older  methods  of  research. 

It  may  be  safely  asserted  that  the  errors  due  to  the  inertia  of  the 
weight  and  to  its  acceleration  may,  by  careful  handling,  be  made  as 
minute  and  as  practically  immeasurable  as  those  due  the  same  cause  in 
the  older  forms  of  testing  machines.  Considering  the  facts,  that  the  re- 
sults obtained  by  the  older  methods  of  testing  are  liable  to  errors  arising 
from  i^ersonal  observation,  while,  in  the  method  adopted  by  the  writer 
in  the  autographic  recording  testing-machine  they  are  automatically 
registered,  it  would  seem  that  the  advantage,  in  respect  to  accuracy, 
must  be  on  the  side  of  the  new  method. 

The  writer  believes  the  facts  exhibited  above  to  prove  conclusively 
that  the  bold  assertion  of  the  foreign  critic — that  with  the  greatest  care 
these  strain-diagrams  are  liable  to  be  incorrect  and  untrastworthy — is 
without  real  basis  and  is  itself  absolutely  incorrect. 

The  second  criticism  of  Prof.  Kick,  in  which  he  suggests  this  assumed 
source  of  error  to  be  the  cause  of  the  differences  in  the  initial  portions  of 
diagrams  (6,  101  and  85  of  Plate  II,  Vol.  II.,  page  378),  which  the  writer 
attributed  to  peculiar  conditions  of  molecidar  or  mechanical  structure, 
is  not  only  invalidated  by  what  has  been  shown  above,  but  most  conclus- 
ively by  a  large  number  of  experiments  made  before  and  after  the  date 
of  the  original  paper,  in  which  the  noted  peculiarities  were  very  marked, 
although  the  experiments  were  conducted  with  uniform  precaution.  The 
fallacy»of  the  criticism  is  still  further  proven  by  the  characteristic  differences 

extension,  measure  the  area  of  the  curve  up  to  the  assumed  limit.  To  determine  the  total 
resilience,  or  the  shock-resisting  power,  measure  the  total  area  of  the  diagram;"  {Vol.  Ill 
page  3). 

While,  on  the  other  hand,  ho  concludes:  "  The  rapidity  of  action,  in  the  cases  of  shock,  and 
where  malerials  sustain  live  loads,  is  a  very  important  element  in  the  determination  of  their 
resisting  power  ;  not  only  for  the  reason  given  already,  but  because  the  more  rapidly  the  metal 
is  ruptured,  the  less  is  the  resistance  to  rupture ;"  ( Vol.  Ill,  page  15) .  Since  the  last  sentences 
which  contradicts  the  former  is  incorrect,  the  former  may  be  correct  ;  it  remains,  however 
still  unproven. 

Similarly  unproven  is  the  assertion  :  "  The  effect  of  repeated  bending,  or  other  form  of 
strain,  can  be  thus  inferred  from  an  examination  of  the  strain  diagram  of  the  material,  obtain- 
ing from  a  single  experiment  a  determination  hitherto  only  obtained  by  a  long  and  tedious 
process  of  repeated  distortion;"  (Vol.  Ill,  page  8).  It  is  here  quietly  presupposed  that  the  dia- 
gram of  resilience  up  to  the  point  of  fracture,  for  the  test-piece  strained  by  torsion,  record^ 
also  the  amount  of  work  done  in  case  of  fracture  for  all  other  kinds  of  strain.  The  proof  of 
this  is  wanting;  it  would  be  difficult  to  x^roduce  it. 

[The  critic  forgets,  throughout  his  paper,  that  the  quality  of  the  material  is  the  property 
which  it  is  attempted  to  determine,  not  the  relations  of  the  several  kinds  of  strain. — U.  H.  T.] 

Thurston  mentions  the  fact  that  :  "  The  phenomenon  here  discovered  is  an  elevation  of 
the  limit  of  elasticity  by  a  continued  strain;"  (Vol.  Ill,  imgell).     This  "  discovery"  has  also. 


noted  in  the  initial  portion  of  the  diagram  where  different  metals 
are  compared,  as  shown  in  the  published  diagrams  of  iron,  steel,  copper, 
tin,  etc.  Such  differences  could  not  possibly  arise  from  the  assumed  cause. 

Professor  Kick  adduces  as  what  he  asserts  to  be  "  absolute  proof  " 
•of  the  existence  of  the  source  of  error  above  alluded  to,  the  peculiar 
strain- diagrams,  101  and  118,  Plate  III.  These  show  the  rapid  motion 
of  the  handle  (not  of  the  weight)  to  be  followed  by  a  fall  of  the 
weight  and  a  drop  of  the  pencil.  This  was  attributed  by  the  writer  to 
a  Aveakening  of  the  metal  by  rapid  distortion  ;  a  conclusion  which  has 
been  confirmed  by  a  study  of  Kirkaldy's  experiments  with  his  tension 
apparatus,  by  many  experiments  since  made  by  the  writer  with  the 
autographic  machine,  by  numerous  experiments  made  by  Com. 
Beai-dslee  at  the  Washington  Navy  Yard  with  a  tension  machine  having 
peculiar  facilities  for  exhibiting  this  phenomenon,  and  especially  by  the 
experiments  made  on  a  very  large  scale  on  iron  beams  for  targets,  as 
described  by  Gen.  Barnard  in  a  paper  read  before  the  Society  (Trans- 
actions, Vol.  I,  page  173),  and  referred  to  by  the  writer,  in  the  discussion 
at  the  Seventh  Annual  Convention  (Vol.  III.,  page  128). 

The  error  into  which  the  critic  has  fallen  will  be  seen  at  once  when  it 
is  noted  that  during  this  rapid  motion  of  the  handle  and  the  distortion  of 
the  test-piece,  produced  by  a  heavy  blow  on  the  handle,  the  weight  had 
no  time  to  move  and  the  drop  of  the  weight  succeeded  the  distortion,  as 
is  explicitly  stated  in  the  original  paper  to  be  an  evidence  of  the  weak- 
•ening  which  is  a  consequence  of  rapid  distortion.  This  evidence  would 
seem  to   be   quite   sufficient.     But  the   experiment  described  by  Gen. 

been  made  and  published  by  General  Uchatius  (Vie  Stahlbrovge,  Vortrag.  Gehatlen  am  10 
^pril.lSli,  Wien.)m  1873,  in  tbe  following  words  :  "  In  all  metals  which  possess  a  consider- 
able degree  of  ductility,  it  is  interesting  to  extend  the  investigation  to  the  elastic  limit.  We 
thus  learn  that  these  metals  attain  their  highest  elasticity  only  when  they  are  strained  beyond 
the  elastic  limit  to  a  certain  point  and  are  allowed  to  remain  so  for  a  time."  "  This  advantage 
has  never,  until  now,  been  noted." 

Thurston's  machine  tests  specimens  for  torsion  and  the  extension  of  the  external  fibres, 
calculated  from  the  angle  of  torsion,  cannot  be  considered  as  the  measure  of  the  extension  of 
the  fibres  by  tensile  tests,  for  two  reasons  :  First,  because  a  diminution  of  length  of  the 
torsion  test-piece  [must  occur,  which  is  not  measurable  from  the  angle  of  torsion  graphically 
recorded  by  the  machine.  Second,  for  the  reason  that  the  external  fibres  are  reinforced  and 
strengthened  by;,the  internal  fibres,  in  consequence  of  their  lateral  cohesion,  they  being  less 
afl'ected.  That  elongations  of  69  and  even  120  per  cent,  are  found  in  wrought  iron  can  only 
find  its  explanation  on  iDages  100  and  101— elongations  which  no  wrought  iron  will  give. 

If  Thurston  finds  nothing  remarkable  in  this,  but  states  that  this  elongation  of  fibre  is 
proportional  to  the  reduction  of  section  noted  with  the  standard  testing-machines,  it  should 
be  said,  on  the  contrary,  that  it  is  entirely  inadmissible,  for  the  percentage  of  elongation  to  be 
given  any  relation  to  the  reduction  of  cross  section,  llobert  Lane  Haswell  has  noted  this 
already.  If  we  pull  apart  a  test-piece  like  that  shown  in  the  accompanying  illustration  [The 
sketch  represents  a  pair  of  test-pieces,  of  which  one,  a  b,  is  intact  ;  the  other,  a'  6',  on  the 
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Barnard,  to  say  nothing  of  those  of  Com.  Beardslee,  are  certainly  con- 
fhisively  corroborative. 

Tlie  exception  taken  by  the  critic  to  the  principles  (6)  and  (7)  are  fully 
met  by  the  above  and  no  more  need  be  written  on  this  point. 

In  the  paper  here  referred  to,  Prof.  Kick  goes  on  to  state  that  the 
phenomenon  of  "  elevation  of  the  elastic  limit  by  strain,"  claimed  to 
have  been  discovered  by  the  writer,  was  discovered  by  Gen.  Uchatins 
of  Vienna,  and  published  in  April,  1874.  [Die  SUililhromie  Vortrarj. 
Gehalten  am  10  April,  1874,  Wicn. ) 

The  writer  is  greatly  pleased  to  find  his  Avork  confirmed  by  so  distin- 
guished an  authority,  but  his  own  discovery  of  this  remarkable  and  im- 
portant phenomenon  was  made  months  earlier,  and  was  announced  at  the 
Annual  Meeting  of  this  Society,  November,  1873,  and  formally  i^laced  on 
record  in  a  "Note  on  the  Resistance  of  Materials,"  read  November  19th, 
1873.  (Transactions,  Vol.  II,  page  239. )  The  phenomonon  was  also  dis- 
covered by  Com.  Beardslee,  U.  S.  Navy,  soon  after,  and  by  an  entirely 
independent  method  of  investigation,  and  was  made  known  by  him  be- 
fore the  end  of  that  year.  It  has  since  been  observed  by  many  exijeri- 
menters,  but  the  writer  has  as  yet  met  with  no  claim  of  priority  of  dis- 
covery. 

Prof.  Kick  asserts  that  the  extensions  estimated  by  tlie  writer  cannot 
be  correct,  because  of  a  diminution  of  length  in  the  specimen,  and 
because  of  the  influence  of  the  cohesion  e5i;isting  between  the  inner  and 
outer  fibres  of  the  mass.  The  writer  can  only  say  that  experiment  does 
not  seem  to  confirm  these  assumptions  and  assertions. 

point  of  rupture  at  a  point  of  largely  reduced  section. — Translator.]  the  greatest  reduction  of 
area  will  occur  at  the  point  of  rupture,  and  at  that  point,  also,  is  the  greatest  elongation. 

If  we  determine  the  percentage,  or  the  extension  by  taking  the  greatest  length,  a  h, 
immediately  before  rupture,  and  designate  the  proportion  of  elongation  by  the  quotient, 

,    then,  for  tlie  same  material,  very  diflferent  values  will  be  obtained    according  to 
a  b      ' 

the  length  a  b,  whereas,   the  amount  of  extension  at  the  point  of  rupture,  which  is  nearly 

the  same  in  either  long  or  short  specimens,  greatly  changes  the  percentage  of  extension. 

It  is  easily  seen  that  a  large  percentage  of  extension  will  be  obtained  with  very  short  test- 
pieces  than  with  long  ones  of  the  same  material.  The  reduction  of  area,  therefore,  affords  a 
means  of  measuring  the  ductility  of  the  material,  affording,  however,  no  precise  determina- 
tion of  the  i^ercentage  of  elongation,  which  can  only  have  »  definite  valae  when  taken  within 
the  elastic  limit. 

The  theory  of  strength  of  materials  is  a  department  of  mechanics  in  which  the  greatest 
care  should  be  exercised  in  drawing  conclusions;  it  would  also  seem  to  be  better  to  admit  this, 
where  satisfactory  results  are  not  obtained,  than  to  enter  witlx  indefinite  phrases  into  the 
realms  of  conjecture. 

In  that  part  in  which  Thurston  treats  of  the  effect  of  temperature  upon  the  resistance  of 
materials,  conclusions  1  to  9  (Vol..  Ill,  page  21)  have  no  significance,  and  simply  say,  "  We  do 
not  know  what  is  determined."     The  following  sentences  are  not  more  valuable  :     (10.)  That 
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In  regard  to  the  elongations  given  by  the  writer,  amounting,  with 
some  ductile  materials,  to  120  per  cent.,  it  need  only  be  repeated  that  it 
•was  explicitly  stated  that  those  figures  are  giveq.'  as  the  best  indication 
■of  the  ductile  quality  of  the  material,  that  they  are  proportional  to  the 
maximum  elongation  of  the  most  extended  portions  of  the  metal  tested 
by  tension,  for  the  very  reason  stated  in  opposition  by  Prof.  Kick,  that 
the  tension  specimen  invariably  "  necks  down,"  and  does  not  stretch 
as  a  whole,  or  uniformly  ;  and  it  was  stated  that  these  factors  of  exten- 
sion are  related  to  the  reduction  of  cross-section  observed  in  tension,  and 
are  such  as  do  occur  within  the  elastic  limit  in  homogeneous  materials 
and  such  as  would  be  obsei'ved  were  the  material  under  tension,  to  draw 
down  uniformly  from  end  to  end  until  fracture  occurs,  leaving  the 
whole  piece,  in  that  case,  of  the  diameter  of  the  fractured  section  actu- 
ally observed  in  the  tension  experiments. 

The  writer  has  stated  his  idea  that  the  reduction  of  section  by  tension 
and  not  the  extension  of  the  whole  specimen,  is  the  most  accurate  meas- 
iire  of  the  ductility  of  the  material.  After  passing  the  elastic  limit,  and 
after  "  necking  down"  begins,  the  elongation  of  a  test-piece  under 
tension  is  a  function  of  its  diameter  and  not  of  its  length  ;  and  the  whole 
■extension  may  be  expressed  by  the  formula,  E  =  Al-\-  Bid,  an  expres- 
sion which  the  -RTiter  has  not  yet  met  Avith  in  any  work  on  this  subject. 

The  ^^•riter  has  noted  these  errors  of  the  critic  with  as  much  sitrprise 
as  regret,  and  especially  as  he  finds  them  associated  with  the  very  excel- 
lent caution  against  "  roaming  in  the  fields  of  conjecture"  in  such 
scientific  work. 

Finally,  comparing  conclusions  (10)  and  (11)  with  (19)  and  (20  '?)  in 
which  the  effects  of  temperature  are  referred  to,  the  critic  notes  an  aj^parent 

•the  geueral  effect  of  increase  or  decrease  of  temperature  is,  witli  solid  bodies,  to  decrease  or 
increase  tlieir  power  of  resistauce  to  rupture,  or  to  chauge  of  form  aud  tbeir  capability  of  sus- 
taining dead  loads.  (11.)  That  the  general  effect  of  change  of  temperature  is  to  produce 
change  of  ductility,  and,  consequently,  chauge  of  resilience  or  power  of  resisting  shocks  aud 
of  carrying  live  loads.  This  change  is  usually  opposite  in  direction,  and  greater  in  degree 
than  the  variation  simultaneously  occurring  in  tenacity.  On  the  other  hand:  (19.)  In  pure  and 
well-worked  metals,  decrease  of  temperature  is  accompanied  by  an  increase  of  strength  as 
■well  as  an  increase  of  elasticity  and  resilience.  The  last  statement  is  evidently  contradictory 
of  conclusion  11.  Which  is  now  correct? 

With  the  great  care  which  we  know  to  have  been  taken  in  the  translation,  these  inconsist- 
encies must  be  from  the  original,  which  we  have  not  at  hand.'  We  are  the  more  certain  of  this 
from  the  fact  that  other  discrepancies  exist,  which,  from  appearances,  could  only  have  been 
transferred  from  the  original,  although  they  are  of  comparative  insignificance. 

In  these  opposing  statements,  the  value  of  the  Thurston  machine  is  not  contested  for 
^radical  purposes.  In  many  cases  the  diagrams  recorded  by  this  undeniably  simple  ajiparatus 
have  contributed  to  the  conBrmatiou  of  tests  of  resistance  of  materials,  and  the  merit  of 
Thurston  is  decided  and  indisputed. 
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discrepancy  wliicli  a  more  careful  reading  would  Iiave  ex|)Iained  and  tlie 
necessity  of  reference  to  them,  perhaps,  not  have  arisen.  It  is  not,  how- 
ever, impossible  that  the  writer  was  not  sufficiently  exi:)licit.  Eeferring 
to  the  original  paper,  it  will  be  seen  that  the  author  quotes  from  an 
earlier  monograiih  on  the  effects  of  temperature  in  which  all  of  the 
earlier  researches  of  both  physicists  and  engineers,  so  far  as  they  were 
accessible  to  him,  were  collated,  and  the  conclusions,  derived  by  com- 
parison, were  that  a  rise  of  temperature  decreases  the  resisting  power  of 
materials  while  increasing  their  ductility  and  sometimes  their  resilience  ; 
a  decrease  of  temperature  seemed  to  ijroduce  the  ojiposite  efi'ect.  The 
generally  conflicting  testimony  of  those  who,  on  the  one  hand,  had  ex- 
perimented by  steady  stress,  and  those  who,  on  the  other  hand,  had  expe- 
rimented by  shock,  thus  seemed  to  be  reconcilable.  The  apparent  dis- 
crepancies between  authorities  were  concluded  to  be  due  to  differences 
of  method  similar  to  those  which  are  claimed  by  Prof.  Kick  to  distinguish 
the  researches  of  the  writer  from  those  of  the  better  known  authorities, 
— but  with  more  reason. 

Subsequently  the  invention  of  the  autographic  testing  machine 
having,  for  the  first  time,  furnished  a  means  of  making  simultaneous 
determinations  of  the  several  mechanical  properties  of  the  test-piece,  the 
real  facts  seemed  to  be  proven  to  be  slightly  diflerent,  and  as  stated  in 
(20)  that  with  pure  well-worked  metals  the  principle  enunciated  in  (28) 
is  fully  illustrated,  and  a  decrease  of  temperature  is  accompanied  by 
an  increase  of  strength,  ductility  and  resilience  ;  (21)  that  materials 
which  are  impure  and  irregular  in  character  may  exhibit  exceptions  to 
and  even  reversals  of  that  principle  in  changes  of  ductility,  and,  while 
increasing  in  x'0"\ver  of  resisting  simjjle  stress,  may,  by  a  diminution  of 
temjierature,  lose  their  power  of  resisting  shocks  ;  and  that  the  effect 
of  change  of  tenqjerature  proba])ly  varies  with  the  character  of  the 
material. 

The  writer  is  grateful  for  the  })leasant  comi^liment  contained  in  the 
closing  paragraph  of  the  paper  of  Prof.  Kick,  and  trusts  that  the  above 
remarks  may  indicate  that  the  ordinarily  useful  work  of  the  confessedly 
valuable  addition  to  "  practical"  testing  apparatus,  which  has  been  found 
in  the  autographic  recording  testing  machine  may  prove  to  be  sup- 
plemented by  not  less  valuable  scientific  work. 
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IxTRODrcTiox.  — In  the  summer  of  1874,  .some  experiments  were  tried 
under  the  direction  of  the  writer,  to  determine  the  volume  of  water  dis- 
charged from  large  orifices  nuder  different  heads.  The  trial  originated 
in  making  a  practical  test  of  the  amount  flowing  through  an  aijerture 
of  1  foot  square,  under  a  head  of  2  feet,  to  determine  the  number  of 
cubic  feet  per  second  that  could  be  used  by  certain  mills,  under  an  old 
contract  based  upon  that  quantity  a?  a  unit. 

The  place  chosen  for  the  exi^eriment  presented  so  many  advantages 
for  the  purpose,  that,  in  the  absence  of  any  published  experiments  with 
large  square-edged  apertures,  and  in  view  of  the  need  that  was  felt 
among  hydrauhc  engineers  for  some  better  data  and  more  reliable  co- 
efiicients  than  those  derived  from  the  exiDeriments  of  Poncelet  and  Lebros 
— whose  largest  aperture  was  8x8  French  inches,  or  a  little  more  than  j^j 
Euglish  foot  in  area,  and  whose  greatest  head  was  10  feet — a  series  of 
carefully  conducted  exi^eriments  was  undertaken  to  determine  co- 
efficients for  as  large  orifices  as  could  be  conveniently  tried  at  this  place. 

The  liberal  offer  of  Mr.  Stephen  Holman*  to  defray  the  expenses  and 
furnish  the  api^aratus  for  these  exjieriments,  at  once  determined  the 
A\Titer  to  undertake  them,  and  the  kind  tender  of  the  use  of  his  flume 
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by  Mr.  James  Emerson,  who  had  at  considerable  expense  fitted  np  one 
of  the  hxrge  locks  of  the  Holyoke  Water  Power  Co.  for  the  purpose  of 
tei-tiug  turbines,  furnished  perhaps  as  desirable  a  place  for  the  purpose 
as  could  be  found  in  the  country. 

The  writer  also  had  the  valuable  co-operation  and  assistance  of  Mr. 
N.  H.  Whitten,*  who  superintended  the  construction  of  the  plates  with 
which  the  exi^eriments  were  tried,  with  the  exeej)tion  of  one,  of  1  foot 
square,  which  was  made  at  the  Colt's  Patent  Fire- Arms  &  Manufactur- 
ing Co.  's  works  at  Hartford,  for  Mr.  James  L.  Cowles  of  Farmingtou, 
and  kindly  loaned  by  him  for  these  experiments.  Mr.  Whitten  also 
suijerintended  the  constructions  and  alterations  at  the  flume  required  by 
the  experiments,  and  assisted  in  taking  the  observations.  He  read  in  all 
cases  the  gauges  indicating  the  head  of  water  in  the  flume,  while  the 
writer  read  the  gauge  at  the  measuring  weir. 

Description  of  the  Plac;e. — The  lock  between  the  upper  canal 
and  the  next  below  it,  in  which  the  experiments  were  tried,  is  100  feet 
long,  16  feet  wide,  and  20  feet  lift.  It  is  built  of  cut  stone,  and  is  fur- 
nished with  wooden  gates  of  ordinary  construction.  It  had  been  fitted 
up  by  Mr.  Emerson  as  a  testing  flume  for  turbines,  by  constructing  a 
strong  bulk -head,  about  50  feet  above  the  lower  gates,  reaching  from 
above  the  level  of  the  water  in  the  upper  canal  down  to  within  about  5 
feet  of  the  bottom  of  the  lock.  From  this  point  a  horizontal  floor 
extended  back  about  10  feet,  supported  by  posts,  from  which  point  the 
bulk-head  again  continued  dowuAvard  to  the  bottom  of  the  lock.  The 
general  construction  of  this  bulk-head  will  be  seen  by  reference  to  the 
plan  and  vertical  section  of  the  lock.  Fig's  1  and  2.  In  the  horizontal 
flooring  was  an  opening  through  which  the  water  flowing  from  the  tur- 
bines passed  to  the  reach  below.  This  bulk-head  divided  the  lock  into 
two  chambers,  the  upper  one  of  which,  when  the  opening  in  the  floor 
was  closed,  was  as  nearly  as  practicable  water-tight. 

Below  the  biilk-head  was  a  basin  48^  feet  long,  at  the  lower  end  of 
which  was  a  measuring  Aveir  in  a  partition  or  dam  across  the  lock  from 
.side  to  side.  The  crest  of  this  weir  was  about  6  inches  above  the 
ordinary  level  of  the  water  in  the  lower  canal,  and  the  jDartitions  at  its 
ends  extended  2^  feet  higher. 

Over  the  upper  part  of  the  lock,  extending  from  above  the  upjier 
gates  to  some  distance  below  the  bulk-head,  was  a  building  containing 
the  necessary  space  for  the  wcn-kshop  and  machinery  required  in  testing 
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turbiues.  The  entrance  was  from  the  level  of  the  top  of  the  lock  into  a 
room  over  the  horizontal  floor  of  the  bulkhead  before  described.  In  this 
room  was  an  open  hatchway,  directly  over  this  floor,  which  gave  easy 
access  to  the  upper  side  of  the  vertical  part  of  the  bulk-head.  About 
half  way  down  to  the  bottom  of  the  tlume  was  another  flooring  with  a 
similar  hatchway,  and  a  stairway  reached  down  through  these  two  stories 
from  the  room  above.  Over  the  hatchway  was  a  traveling  crab,  for  lift- 
ing and  placing  machinery  in  the  above  described  well. 

The  lower  part  of  the  lock,  including  the  weir,  was  roofed  over  within 
the  walls  at  a  lower  level  than  the  roof  of  the  building  above,  and  a  stair- 
Avay  led  down  from  the  room  over  the  hatchway  above  the  bulk-head,  to 
A  platform,  extending  the  whole  length  of  the  basin  below,  from  the 
bulk-head  to  the  weir,  and  which  was  continued  a  short  distance  below 
the  weir  by  descending  a  few  steps  to  a  lower  level. 

Across  the  weir  basin,  at  intervals  of  about  8  feet,  were  cross- timbers, 
•6>:6  inches,  reaching  from  side  to  side,  and  supported  by  posts  from  the 
bottom,  of  the  same  dimensions,  2  feet  from  the  sides  of  the  lock. 
The  top  of  these  timbers  was  about  2  feet  3  inches  above  the  crest  of  the 
weir,  and  upon  them  rested  the  platform  and  planks  for  access  to  all 
parts  of  the  basin.  There  were  five  of  these  framings  across  the  basin, 
dividing  it  into  six  bays.  The  upi^er  one  had  a  square  timber  across  the 
lock,  excepting  about  2  feet  at  each  end.  This  was  under  water,  at  a 
depth  of  about  1  foot  below  the  weir.  The  cross-timbers  supported  a 
part  of  the  posts  of  the  roof  framing,  while  others  extended  down  the 
sides  of  the  lock  to  the  bottom. 

The  lock  had  a  plank  bottom,  G  inches  thick,  at  a  depth  of  about  6i 
feet  below  the  crest  of  the  weir  ;  lint  there  was  an  average  of  about  1  foot 
of  mud,  stones  and  rubbish,  above  this  bottom.  The  depth  was  oh  feet 
at  the  weir  and  6j  feet  at  the  farther  end. 

It  will  be  seen  that  this  place  offered  more  than  ordinary  advantages 
for  the  trial  of  experiments  upon  the  volume  of  discharge  from  large  aper- 
tures, the  only  limit  being  the  amount  of  water  that  could  be  accurately 
measured  over  the  weir  at  the  lower  end  of  the  basin. 

The  Appakatits  Used. — Previous  to  commencing  the  experiments, 
the  opening  in  the  bottom  flooring  of  the  flume  was  closed  by  covering 
it  with  3-inch  planks,  spiked  down  to  the  flooring.  An  opening  was  cut 
in  the  vertical  part  of  the  bulk-head  at  a  suitable  distance  above  the 
level  of  the  weir  basin,  and  a  frame  placed  around  it  so  as  to  form  a  firm 
bearing  for  the  plates  containing  the  experimental  apertures.  (See 
Fig's  3  and  4. ) 
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I'pou  tlie  iusiile  of  the  flume,  a  gate  or  cover  Avas  hinged  at  some  dis- 
tance above  the  aperture,  upon  a  horizontal  bar,  so  avS  to  open  up^iNards, 
for  the  purpose  of  opening  and  closing  the  apertures  upon  which  experi- 
ments were  to  be  tried.  This  gate  was  provided  with  a  loop  to  which  a 
chain  was  attached  when  in  use.  reaching  to  the  hook  of  the  hoisting- 
crab  above  the  hatchway.  By  this  means  it  could  be  opened,  even  under 
considen^ble  pressure. 

This  was  depended  upon  for  discharging  the  water  from  the  flume  after 
it  had  been  fi^Ued,  with  the  aperture  closed,  to  determine  the  leakage;  but 
the  first  attempt  to  open  it  under  about  17  feet  head,  with  a  2  X  2  feet 
aperture,  was  but  a  partial  success.  After  being  partly  opened,  the  bar 
foraiiug  the  hinge  bent  under  the  pressure  caused  by  the  rash  of  water 
through  the  opening,  causing  also  the  chain  to  fail,  so  that  the  cover  fell 
back  against  the  opening  ;  but  fortunately  being  askew,  it  tlid  not  entirely 
close  tlie  aperture,  and  allowed  the  wat^r  to  di.schai'ge.  Xo  detention  to  the 
experiments  Avas  occa.sioued,  as  its  service  in  closing  the  apertiu-e  for  the 
time  had  been  performed.  "When  the  water  fell  it  was  removed,  and  in 
the  succeeding  experiments  it  was  strengthened  so  as  to  withstand  the 
pressure  uiDon  its  hinge.  For  the  smaller  aijertures,  of  1  foot  square  and 
under,  a  cover  without  hinges,  (see  Figs  5  and  6,)  was  used  in  the  ex- 
periments to  determine  the  leakage,  and  was  removed  by  a  chain  attached 
to  the  hoisting  crab  above,  in  a  similar  manner  to  that  of  larger  apertures. 

k^bout  10  feet  back  from  the  bulk-head  was  a  plank  screen,  5i  feet  high, 
bored  full  of  inch  holes,  so  that  at  the  lower  heads,  whatever  current 
might  exist  from  the  upper  to  the  lower  end  of  the  chamber,  should  be 
distributed  and  equalized.  The  large  size  of  the  channel  in  proportion 
to  the  area  of  the  apertiu'es,  however,  rendered  the  current  inappreciable. 

There  were  two  gates  by  wliich  water  was  admitted  to  the  lock,  one 
was  a  small  oi^ening  in  the  large  upper  lock  gate,  by  which  small  quanti- 
ties could  be  let  into  the  lock  chamber.  The  water  entered  a  spout, 
(Fig's  1  and  2.)  by  which  it  was  conducted  vertically  downward  to  below 
the  level  of  the  siu'faee  in  flume  and  created  no  current  or  disturbance. 
The  other  was  a  large  submerged  gate  in  the  masonry  of  the  lock» 
which  was  opened  and  closed  by  a  screw  and  geering  from  the  top.  This 
was  generally  used  for  regiilating  the  heatls  in  the  experiments.  The 
water  from  the  sluice  leading  from  this  gate  entered  through  the  bottom 
of  the  lock,  as  shown  in  the  di-awiugs,  some  distance  below  the  apertures 
experimented  upon,  in  such  a  manner  as  to  produce  no  cun-ent  of  ap- 
proach, and  no  apparent  distiu-bance  near  the  j)liice  of  discharge. 
The  entrance  of  water  from  these  gates  created  no  appreciable  cm-rent 
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towards  the  apertxires.  The  flume  eliamber  -was  34.5  ■  16  feet,  furnishing 
a  sufficiently  large  reservoir  to  prevent  any  sensible  velocity  of  approach 
to  the  outlet. 

Below  the  fliime  chamber  was  the  weir  basin,  48.52  feet  in  length, 
and  15.83  feet  average  width.  In  order  to  equalize  the  flow  in  this  basin, 
and  to  prevent,  in  a  measure,  the  commotion  restilting  from  the  falling 
into  it  of  the  jet  from  the  ai>ertiire,  the  following  obstructions  were  placed 
in  it  before  the  experiments  were  commenced.  In  addition  to  the  tim- 
bers and  supports  for  the  floor  and  roof,  before  named,  there  was  a  stop 
formed  of  horizontal  planks  8  inches  below  the  level  of  the  weir,  upon 
the  posts  which  sustained  the  second  floor  beam  from  the  weir. 

As  there  existed  some  irregularity  and  motion  in  the  surface  of  the 
water  at  the  highest  head  tried  with  the  2  x  2  feet  aperture,  this  arrange- 
ment was  changed  July  26th,  after  that  experiment,  when  the  water  was 
<lraA\"n  off  from  the  lower  canal  for  the  j)urpose.    The  changes  were  : — 

Across  the  posts  of  the  first  floor  timber  from  the  aperture  a  stop 
was  placed,  of  3-inch  plank,  extending  from  the  bottom  of  the  basin 
to  within  one  foot  of  the  level  of  the  weir.  Upon  the  second  floor  framing 
was  placed  a  stop  of  IJ-inch  plank,  extending  fi-om  2.6  feet  below  the 
weir,  up  to  the  floor  beam  ;  and  upon  the  third  floor  framing  was  placed 
a  stop  of  2-inch  plank,  extending  from  the  bottom  of  the  basin  up  to 
within  1.4  feet  of  the  level  of  the  crest  of  the  weir.  Above  the  fifth  floor 
framing,  and  resting  against  the  posts,  a  floating  plank  was  placed  which 
could  rise  and  fall  with  the  surface  of  the  water. 

The  first  three  stops  or  barricades,  over  two  and  under  one  of  which 
the  volume  of  waLer  jjassed,  were  for  the  purpose  of  arresting  and  equal- 
izing the  great  rush  of  the  ciuTent  in  the  middle  and  upper  part  of  the 
basin,  caused  by  the  larger  apertures.  The  fii-st  barricade  of  3-inch  plank, 
receiving  almost  the  full  force  of  the  jet,  was  necessaiily  made  much 
stronger  than  the  others.  The  great  commotion  caused  in  the  uj)per  bay 
by  the  spouting  water,  became  less  and  less  in  the  successive  bays  until 
it  passed  quietly  over  the  weir.  The  floating  plank  just  above  the  weir 
proved  very  effective  in  smootliing  the  siu-face  ;  so  that  the  undidations, 
and  also  the  small  waves  caused  by  the  spray,  were  entirely  neutralized 
before  reaching  the  weir. 

The  foregoing  arrangement  was  continued  in  all  the  experiments  vrith. 
the  larger  apertures  ;  but  some  of  the  stop  planks  having  been  removed 
during  an  interval  between  the  experiments — from  July  27th  to  August 
12th,  when  the  flume  was  used  for  other  purposes — the  following  changes 
and  modifications  were  made  in  the  succeeding  experiments. 
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At  tlie  first  frame  from  the  bulk-head  the  planking  was  retained,  ex- 
cept about  one  foot  at  the  bottom,  and  was  carried  up  to  the  floor  beam, 
rather  higher  than  it  was  l^efore.  All  the  rest  'of  the  stop  planks  Avere 
removed,  except  one  plank  across  the  bottom  at  the  third  frame  from  the 
bulk-head. 

Floating  jDlanks  having  proved  so  effective  in  stilling  the  undulations 
in  the  weir  basin  caused  by  the  jet,  a  float  of  one  plank  was  placed  at  the 
second  frame  from  the  bulk-head,  and  floats  of  two  planks  each  were 
placed  at  the  fourth  and  fifth  frames,  or  the  two  nearest  the  weir.  These 
operated  very  successfully,  and  prevented  alE  undulations  in  the  subse- 
quent experiments. 

The  measuring  weir  at  the  foot  of  this  basin  was  a  solid  timber  dam, 
composed  of  3  X  14  inch  planks,  extending  across  the  width  of  the 
lock-chamber,  and  faced  with  2-inch  planks  upon  the  upper  side,  and  Avith 
1-inch  i^lanks  on  the  loAver  side,  as  shown  in  Figs.  1,  2  and  7,  forming  a 
dam  17  inches  thick.  This  was  finished  at  the  top  by  being  beveled  off 
upon  the  lower  side,  as  shown  in  Fig.  7. 

The  crest  of  the  weir  was  formed  of  an  iron  bar,  5. J  inches  wide  and 
J-inch  thick,  planed  triie  and  bolted  to  the  upper  side  of  the  planking  of 
the  dam.  It  reached  from  end  to  end,  and  was  set  perfectly  level,  re- 
maining so  during  the  experiments.  The  toi?  of  this  bar  was  about  an 
inch  above  the  top  of  the  planking. 

At  a  height  of  2  feet  above  the  crest  of  the  weir,  a  beam  extended 
across  the  lock  chamber,  and  a  series  of  stop  planks  were  provided  which 
rested  in  a  groove  in  the  toj)  of  the  dam  and  against  the  iipper  face  of 
this  beam,  as  shown  in  Fig.  7.  These  stop  i^lanks  were  each  1  foot  wide, 
and  were  grooved  so  that  a  wooden  strip  fitted  into  the  adjacent  edges  to 
make  the  joints  water-tight  when  they  were  placed  together.  These 
planks  rested  against  the  face  of  the  iron  crest  bar,  and  those  whose 
edges  formed  the  side  of  the  weir  were  furnished  with  vertical  strips  of 
the  same  width  as  the  crest  bar,  to  form  the  side  edges  of  the  weir. 

By  means  of  these  planks  any  desired  length  could  be  given  to  the 
weir,  and  its  length  could  be  changed  with  great  facility  whenever  re- 
quired. The  lengths  of  Aveir  used  in  these  experiments  Avere  from  2  to 
10  feet.  This  latter  length,  left  3  feet  on  each  side  betAveen  the  end  of 
the  weir  and  the  side  of  the  basin,  which  was  suflicient  to  give  perfect 
contraction  in  all  eases. 

Just  beloAV  the  weir  on  the  left,  looking  down  stream,  and  reached 
from  the  platform  above,  Avas  a  small  platform  for  the  gauging  apparatus. 
This  was  a  little  loAver  than  the  crest  of  the  Aveir,  and  a  small  opening 
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through  the  planking,  near  the  end,  exposed  the  top  of  the  crest  bar,  so 
that  its  level,  with  regard  to  the  gauge,  could  be  frequently  tested. 

Along  the  inside  of  the  dam,  at  a  depth  of  3  feet  2h  inches  below  the 
crest  of  the  weir,  was  a  perforated  copper  pipe  of  1-inch  outside  diameter, 
the  end  of  which  next  to  the  platform  was  connected  by  means  of  a  rub- 
ber tube,  passing  through  the  planking  of  the  dam,  with  a  bucket  ar- 
ranged with  a  pulley  and  weight,  so  that  it  could  be  easily  raised  and 
lowered  to  suit  the  level  of  the  water  within  it.  This  would  always  be 
the  same  as  that  above  the  weir.  It  has  been  conclusively  shown  by  the 
experiments  of  Mr.  Francis  at  Lowell,  that  a  pipe  thus  situated  has  upon 
it  the  pressure  due  to  the  full  head  upon  the  weir,  no  appreciable  diflfer- 
ence  existing  between  the  pressure  just  under  the  crest  of  the  weir  and 
that  at  a  distance  above,  where  the  downward  curve  of  the  surface 
commences. 

Above  the  suspended  bucket,  a  hook-gauge,  of  improved  construction, 
was  firmly  attached  to  the  masonry,  in  such  a  manner,  that,  with  the 
point  of  the  hook  at  the  surface  of  the  water,  the  scale  would  range  from 
zero,  at  the  crest  of  the  Aveir,  to  above  the  greatest  depths  used  in  the 
experiments. 

A  representation  of  this  gauge  is  given  in  Fig.  16.  Its  operation  is 
precisely  like  the  gauge  described  by  Mr.  Francis,  but  it  has  some  im- 
provements which  render  it  more  convenient  in  use.  The  movable 
bucket,  for  showing  the  level  of  the  water  in  the  weir  basin,  is  very  much 
superior  to  using  the  gauge  in  a  box  above  the  dam.  The  observer  has 
the  level  of  the  water  brought  directly  in  view,  instead  of  being  obHged 
to  look  down  upon  it  from  above,  in  generally  an  obscure  light.  In  the 
present  experiments  a  gas  jet  was  placed  so  as  to  throw  a  proper  Hght 
iipon  the  surface  of  the  water  in  the  bucket,  in  order  to  observe  the 
contact  of  the  hook  with  the  greatest  exactness. 

This  gauge  was  provided  with  a  clamp  and  screw  motion  of  the  whole 
frame,  to  adjust  the  index  of  the  vernier  to  zero  when  the  point  of  the 
hook  was  at  the  height  of  the  weir.  The  screw  wliich  raised  and  lowered 
the  gauge  bar  and  hook,  was  placed  by  the  side  of  the  graduated  bar  and 
connected  with  it  by  an  arm  which  could  be  geared  into  or  detached 
from  the  screw  at  any  point  and  clamjied  in  its  place.  This  permitted 
the  hook  to  be  raised  or  lowered  rapidly,  to  any  height,  without  turning 
the  thread  through  the  whole  distance,  as  would  he  required  Avith  Mr. 
Francis's  gauge. 

The  heights  of  water  ui^ou  the  apertures  in  the  flume,  iip  to  5  feet, 
were  measured  with  a  hook-gauge  arranged  with  a  movable  bucket  in  the 
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same  manner  as  at  the  weir,  excepting  that  tlie  rubber  tube,  connecting 
the  bucket  with  the  Avater  inside,  was  inserted  directly  into  the  bulk-head. 
Above  5  feet,  the  heads  were  read  upon  a  graduated  rod  attached  to  a 
glass  tube  which  was  connected  by  a  rubber  pipe  with  the  Avater  within 
the  flume. 

These  gauges  were  all  carefully  compared  with  the  levels  of  the  weir 
and  ai^ertures  as  often  as  required  to  insure  accuracy.  The  apertures  ex- 
perimented upon  were,  as  near  as  could  be  constructed,  as  follows  :  In  the 
vertical  bulk-head; — 2  by  2  feet,  2  by  1  feet,  2  feet  by  6  inches,  2  feet  diame- 
ter, 1  foot  square,  1  foot  diameter,  and  6  inches  diameter  ;  and  in  the 
bottom  of  flume; — 1  foot  diameter,  1  foot  square,  and  1  foot  square  with 
curved  approach. 

The  2  by  2  feet  a]3erture  was  formed  of  four  cast-iron  plates  0. 536,  or 
•^|-inch,  in  thickness,  and  6^  inches  wide,  planed  on  the  sides  and  edges, 
and  secured  together  at  the  corners  with  bolts  and  cleats,  as  shown  in  Fig. 
8.  This  plate  was  bolted  to  the  wooden  frame  inserted  in  the  opening  in 
the  vertical  bulk-head,  and  was  carefully  measured  to  ascertain  its  exact 
dimensions  after  being  put  into  its  place,  to  provide  against  any  disijlace- 
ment  of  its  parts.  The  exact  dimensions  of  this  aperture,  in  place,  were 
2  feet  horizontal  and  1.99975  feet  vertical,  making  an  area  of  3.9995 
square  feet. 

The  2  by  1  feet  aperture  was  formed  by  inserting  in  the  lower  half  of 
the  above  aperture,  two  i^lates  of  the  same  thickness,  planed  to  the  exact 
dimensions  of  6  inches  by  2  feet.  This  was  done  as  shown  in  Fig.  9. 
The  exact  dimensions  of  this  aperture  after  being  put  in  place,  was  2  feet 
horizontal  by  1  foot  vertical,  or  2  square  feet. 

The  2  feet  by  6  inches  aj^ei'ture  was  formed  by  inserting  the  lower  one 
of  the  two  plates  of  2  feet  by  6  inches,  in  the  upper  half  of  the  2  by  1  foot 
aperture.  This  is  shown  in  Fig.  10.  The  exact  dimensions  of  this  aper- 
ture, after  being  set  in  the  frame  for  experiment,  was  2  feet  horizontal 
by  0. 5  foot  vertical. 

The  2  feet  diameter  circular  aperture  was  turned  in  a  circular  cast-iron 
j)late  of  3.08  feet  outside  diameter  planed  true  on  the  sides  to  a  thickness 
of  0.398  or  H-i^ch,  and  furnished  with  bolt  holes  for  attaching  it  to  the 
wooden  frame-work  iu  the  vertical  bulk -head.  When  experimented  upon 
the  true  diameter  of  the  aperture  was  found  to  be  exactly  2  feet.  This 
plate  is  shown  iu  Fig.  11. 

The  1  foot  diameter  circular  aperture  was  turned  in  a  similar  cast-iron 
plate  of  2.5  feet  outside  diameter,  planed  on  the  sides  to  a  thickness  of 
0A38  or  I'u-iuch,  and  furnished  with  bolt  holes  for  attaching  it  to  the 
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■vs-oodeu  frame.  The  true  diameter  of  the  ai)erture,  when  experimented 
upon,  was  proved  to  be  1.0007  feet.     This  plate  is  shown  in  Fig.  13. 

The  6-inch  diameter  circuhir  aperture  was  turned  in  a  circular  cast-iron 
l^late  of  1.5  feet  outside  diameter,  jjlaned  true  on  the  sides  to  a  thickness 
of  0.479,  or  i-inch,  and  Avas  furnished  with  holes  for  bolts,  as  before  de- 
scribed for  the  larger  plates.  The  true  diameter  of  this  aperture,  wheu 
expeiimented  upon,  was  exactly  0. 5  feet.  This  plate  is  shown  in  Fig.  14. 
All  of  tliese  jjlates  were  made  by  the  Holyoke  Machine  Co.,  under  the 
immediate  dii-ection  of  Mr.  Whitten,  and  were  finished  as  smooth  as 
practicable  in  the  i^laner  and  lathe,  without  filing  or  polishing. 

The  1  foot  square  aperture  was  cut  in  a  piece  of  wrought-iron  plate, 
planed  and  finished  on  one  side,  and  was  0.264,  or  i -inch  in  thickness. 
This  aperture  was  planed  through,  across  the  plate,  and  was  finished  by 
filing.  It  was  true  and  square  and  measured,  when  experimented  uj)on, 
1.0000833  feet  on  each  side.  It  was  provided  with  bolt  holes  for  attach- 
ing it  to  the  wooden  frame,  in  the  same  manner  as  the  other  plates,  and 
is  shown  in  Fig.  12.  * 

The  curved  approach  to  the  1  foot  plate  used  in  the  last  experiments 
tried,  where  the  plate  was  placed  in  the  bottom  of  the  fiume  and  sub- 
merged, was  made  in  a  timber  framing  2. 07  feet  square  outside,  and  6 
inches  thick.  The  flare  Avas  formed  by  cutting  away  the  material,  back 
from  the  face  to  which  the  iron  plate  was  bolted,  in  the  shape  of  a  quar- 
ter of  an  ellipse  whose  semi-diameters  were  6  inches  and  4  inches,  with 
the  largest  diameter  at  right  angles  to  the  plane  of  the  i^late.  This  is 
shown  in  Fig.  15. 

The  standard  of  measurement  used  for  these  plates,  and  for  aU  the 
xneasures  in  the  experiments,  was  a  3  feet  scale  made  by  Darling,  Brown 
&  Sharps,  of  Providence,  and  marked  U.  S.  Standard.  The  measures 
for  the  heads  in  the  flume,  and  for  the  lengths  of  the  measuring  weir, 
•were  carefuUy  transfeiTed  to  wooden  bars  of  greater  length,  wliile  the 
dimensions  of  the  iron  plates  and  the  heights  on  the  weir  were  taken 
"with  metallic  scales. 

A  thermometer  Avas  suspended  in  the  water  of  the  weir  basin,  near  the 
middle,  to  record  the  temx)erature.  . 

Method  of  Conducting  the  Expeeiments. — After  all  was  pre- 
pared in  the  flume  by  inserting  the  plate  in  the  frame,  and  carefuUy 
measuring  the  height  of  the  aperture  above  the  Aveir,  the  gauges  were 
tested  and  their  scales  set  at  the  proper  zero,  or  their  readings  noted. 

*  This  plate  was  made  by  the  Colt's  Patent  Fire  Arms  &  Manufacturing  Co.,  of  Hartford, 
•Conn.,  for  Mr.  James  L.  Cowles,  of  Farmington,  to  determine  the  discharge  through  a  square 
foot  aperture. 
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The  aperture  was  then  closed  as  tightly  as  possible  by  means  of  the- 
cover,  and  the  leakage  measured  by  allowing  the  Avater  to  rise  gradually, 
while  the  gauges  were  read  every  minute.  For  the  small  quantity  leak- 
ing through  the  bulk-head  it  was  found  impracticable  to  regulate  the- 
entrance  gate  at  the  head  of  the  lock  so  as  to  cause  the  water  to  remain 
at  a  fixed  head  in  the  flume  chamber  for  a  sufficient  length  of  time  to 
obtain  consecutive  observations  at  the  same  height ;  the  method  wa& 
therefore  adopted  of  allowing  the  Avater  in  the  flume  to  rise  at  a  nearly 
uniform  rate  and  quite  slowly,  while  the  gauge  readings  were  taken. 
"When  the  water  had  attained  the  same  height  as  the  canal  above,  the 
gate  at  the  head  of  the  lock  was  closed,  the  cover  was  removed  from  the 
aperture,  and  the  water  in  the  flume  was  allowed  to  flow  out.  When  the 
water  was  sufficiently  out  of  the  flume  chamber,  the  gate  was  again  par- 
tially opened  in  order  to  admit  the  quantity  of  water  required  to  raise 
the  head  in  the  flume  a  given  amount,  as  say  2  feet,  and  to  maintain  it 
there,  at  as  nearly  a  uniform  height  as  possible,  while  a  series  of  obsei-va- 
tions  were  taken.  The  gate  was  then  opened  a  little  more,  and  an  addi- 
tional head  obtained,  when  another  series  of  experiments  was  made. 
This  was  continued,  at  intervals,  to  the  top  of  the  flume,  or  to  the  greatest 
head  that  could  be  accurately  measured. 

The  experiments  were  commenced,  July  24th,  1874. 

The  2  by  2  feet  aperture  was  jilaced  with  its  frame  in  the  opening  cut  in 
the  bulk-head,  and  the  hinged  gate  shut  doAvn  upon  the  inside.  The 
chain  was  attached  to  the  ring-bolt  of  the  cover  and  connected  with  the 
hoisting  mechanism.  The  arrangement  of  the  weir  basin  was  as  hereto- 
fore described,  and  the  measuring  weir  was  carefully  set  to  a  length 
of  4  feet.  The  centre  of  the  aperture  was  compared  by  levels  with  the 
point  of  the  hook  gauge  and  with  the  crest  of  the  weir.  The  scales, 
of  the  hook  gauge  and  the  glass  tube  gauge  were  set  to  read  the  head  in 
the  flume  upon  the  centre  of  the  aperture.  The  centre  of  the  aperture 
was  1.9  feet  above  the  crest  of  the  weir. 

The  hook  gauge  at  the  weir  Avas  so  situated  that  a  spirit  level  could 
be  laid  directly  upon  the  top  of  the  bar  forming  the  crest  of  the  weir  and 
the  point  of  the  hook.  This  level  was  tested  before  commencing  the 
experiments  and  very  frequently  afterwards. 

After  these  arrangements  were  made,  the  hinged  cover  being  closed 
over  the  aperture,  the  small  gate  in  the  upper  lock-gate  was  a  little 
opened.  This  allowed  the  flume  to  fill  up  very  gradually  for  the  purpose 
of  determining  the  leakage.  As  the  water  rose  in  the  flume  the  gauges 
at  the  flume  and  weir  Avere  read  each  minute  until  the  full  head  was 
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reached.  This  occupied  a  little  over  two  hours.  The  water  was  allowed 
to  rise  gradually  and  slowly,  in  ox'der  to  have  as  little  difference  as  pos- 
sible at  the  same  instant  of  time  between  the  amount  of  leakage  and  the 
quantity  of  water  actually  passing  over  the  weir. 

After  the  leakage  has  been  measured  for  the  whole  head  of  17  feet, 
an  attemi^t  was  made  to  raise  the  gate  over  the  aperture  out  of  the  way 
to  discharge  the  water  in  the  flume  ;  but,  as  before  stated,  after  rising  a 
short  distance  the  hinge  and  chain  failed,  and  the  gate  fell  back  partly 
over  the  aperture.  There  was,  however,  sufficient  space  to  discharge  the 
water,  and  when  it  had  fallen  the  whole  gate  was  removed  and  the  experi- 
ments upon  the  aperture  commenced.  For  this  purpose  the  weir  was 
lengthened  to  10  feet. 

The  first  series  of  experiments  was  with  a  head  of  a  little  over  0.8 
feet  upon  the  centre,  with  the  aperture  as  a  weir.  The  second  senes  of 
exi)eriments  with  the  same  aperture  was  with  a  head  of  about  2  feet,  and 
the  third  and  fourth  with  heads  of  about  3  and  3^  feet,  respectively.  At 
the  latter  head  the  rush  of  water  from  the  aperture  of  4  square  feet  was 
so  gi-eat  that  it  became  evident  that  a  farther  increase  of  head  woidd 
create  sufficient  undulation  at  the  weir  to  render  the  results  of  the 
measurement  doubtful.  As  the  greatest  attainable  accuracy  was  desired 
in  the  measurements,  the  experiments  with  this  large  aperture  were  dis- 
continued, and  the  next  day  the  water  was  drawn  off  from  the  canal  and 
the  changes  made  in  the  arrangements  of  the  stoj)  planks  that  have  been 
already  described. 

On  July  27th,  the  exjjeriments  were  resumed  with  an  aperture  of  2  feet 
horizontal,  and  1  foot  vertical,  arranged  as  already  described.  The  hinged 
gate  was  jilaced  over  this  opening  upon  the  inside  of  the  flume,  with  the 
hinge  strengthened  so  as  to  bear  the  strain  of  opening  under  the  pres- 
sure of  the  water.  The  centre  of  the  new  aperture,  which  was  formed 
by  placing  the  additional  plates,  1  foot  wide,  in  the  bottom  of  the  2  by  2. 
feet  opening,  was  0.5  feet  higher  than  before,  or  2.4  feet  above  the  crest 
of  the  weir. 

The  hook  gauge,  for  measuring  the  heads  on  the  aperture,  was 
changed  to  correspond  with  the  new  centre,  and  the  scale  of  the  glass  gauge 
was  allowed  to  remain  as  it  was  before,  during  the  series  of  experiments 
with  this  aperture.  This  made  the  readings  of  the  glass  gauge  all  0.5 
feet  too  great,  as  the  centre  was  raised  that  amount  from  what  it  was 
before 

The  weir  was  set  to  a  length  of  2  feet  to  measure  the  leakage, 
and  the  flume  was  allowed  to  fill  gradually  by  opening  the  small  gate,  as 
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before,  for  the  purpose  of  determining  its  amount  at  different  heads. 
This  was  taken  up  to  a  height  of  17.2  feet,  occupying  about  two  hours. 
When  the  flame  was  filled  to  the  level  of  the  canal  above,  and  the  head 
remained  nearly  or  quite  stationary,  the  weir  was  suddenly  lengthened  to 
10  feet,  and  as  soon  as  the  water  in  the  weir  basin  had  come  to  a  stand,  which 
was  in  about  seven  minutes,  the  head  and  dexjth  upon  the  weir,  were  again 
observed.  This  was  done  to  determine  the  discharge  over  the  weir  at 
-very  low  heads,  Avhich  were  required  in  measuring  the  leakage.  After 
concluding  the  experiments  for  ascertaining  the  leakage,  the  cover  over 
the  aperture  was  raised  out  of  the  way,  to  discharge  the  water,  and  the 
weir  was  set  at  6  feet  in  length. 

The  first  experiments  were  made  with  the  aperture  as  a  weir,  at  heads 
of  0.08  feet  in  series  No.  5,  and  about  0.28  feet  in  series  No.  6,  measured 
above  the  centre  of  the  aperture.  In  series  No.  7,  the  actual  head  upon 
the  centre  was  0.508  feet  or  0.008  above  the  top  of  the  aperture  ;  the 
water,  however,  did  not  touch  the  top  edge,  but  the  aperture  was  still 
flowing  as  a  weir. 

In  the  series  of  experiments,  Nos.  8,  9  and  10,  the  head  upon  the 
aperture  was  run  up  to  4.7  feet,  with  the  weir  remaining  at  the  length  of 
6  feet.  At  the  end  of  the  series  No.  10,  the  weir  was  suddenly  lengthened 
to  10  feet,  and  a  series  of  observations  taken  after  the  weir  basin  had 
again  come  to  an  eciuilibrium,  which  took  about  four  minutes. 

In  the  series  from  No.  11  to  No.  16,  inclusive,  with  the  same  aperture, 
the  weir  remained  10  feet  in  length,  and  the  head,  was  raised  by  intervals 
to  11.8  feet.  This  was  the  greatest  head  that  could  be  used  with  this 
aperture  without  creating  undulations  over  the  weir,  which  might  affect 
the  accuracy  of  the  measurement. 

Experiments  were  next  tried  with  an  aperture  of  6  inches  vertical  by 
2  feet  horizontal.  This  was  formed  with  the  same  plates  by  placing  the 
bottom  strip  of  6  inches  wide  in  the  top  of  the  2  by  1  foot  aperture,  leav- 
ing the  bottom  edge  at  the  same  height  as  before.  This  made  the  centre 
■of  the  new  aperture  2.15  feet  above  the  crest  of  the  weir. 

The  weir  was  at  first  set  to  the  length  of  5  feet.  The  hook  gauge  at 
the  flume  was  set  to  the  centre  of  the  aperture  and  the  scale  of  the  glass 
gauge  left  as  before,  reading  therefore  0.25  feet  too  much  for  the  new 
centre,  and  requiring  this  amount  to  be  subtracted  from  the  observed 
heights. 

Seven  series  of  observations,  from  No.  17  to  No.  22  B  inclusive,  were 
then  taken,  at  heads  varying  from  1.4  to  11.8  feet,  when  the  weir  was 
■changed  to  10  feet  in  length,  and  as  soon  as  the  level  of  the  water  in 
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tlu^  -weir  basin  came  to  re.st,  which  oecuined  about  4  minutes,  a  series  of 
measurements  was  taken  at  the  same  head  last  observed.  Three  series  of 
exjieriments  were  then  made,  No.  23  A,  No.  23  B  and  No.  24,  running 
the  head  up  to  17.2  feet,  which  was  then  the  level  of  the  upper  canal. 

At  the  conclusion  of  the  above  experiments,  the  rectangular  plates 
were  removed,  and  that  with  the  2  feet  circular  aperture  put  on  in  the 
same  place  and  upon  the  same  framing.  The  gauges  were  examined  and 
changed  to  conform  to  the  centre  of  the  new  aperture,  Avhicli  was  found 
by  measurement  to  be  1.97  feet  above  the  crest  of  the  weir.  The 
hook  gauge  was  lowered  0.18  feet,  and  the  glass  tube  gauge  raised  0.U7 
feet  to  conform  to  the  new  centre.  The  weir  remained  with  a  10  feet 
opening. 

Seven  series  of  observations,  No.  25  to  No.  31,  inclusive,  were  taken 
with  heads  from  1.8  to  9.7  feet. 

The  foregoing  experiments  continued  during  July  27th,  28th  and  29th, 
and  w'ere  then  temporarily  discontinued  in  order  to  use  the  flume  during 
the  next  two  weeks  for  testing  turbines.  The  experiments  were  not  resumed 
until  August  12th,  when  the  flume  was  again  prepared  for  continuing 
them. 

The  stop  planks  lout  into  the  weir  basin  having  been  partially  removed 
during  the  testing  of  the  turbines,  a  somewhat  different  arrangement 
was  adopted  during  the  succeeding  experiments.  These  changes  have 
been  previously  stated  in  the  description  of  the  weir  basin. 

The  j)late  with  the  1  foot  square  aperture  was  placed  in  the  flume,  upon 
a  frame  of  smaller  dimensions  than  the  one  used  with  the  larger  openings. 
For  the  purpose  of  closing  the  apertures  upon  the  inside,  while  testing 
for  leakage,  the  loose  cover  was  used  instead  of  the  hinged  cover  before 
described.  This  cover  was  attached  to  the  hook  of  the  chain  from  the 
hoisting  apparatus,  for  removing  it  when  the  flume  was  full.  It  was 
placed  over  the  aperture,  and  the  gauges  were  all  tested  and  adjusted  to 
the  height  of  the  centre  of  the  aperture,  which  was  1.556  feet  above  the 
crest  of  the  weir.  The  weir  was  set  to  a  length  of  2  feet,  and  the  hook 
gauge  was  adjusted  and  compared  with  its  height. 

The  flume  was  then  allowed  to  fill  up  slowly  and  gradually,  as  before, 
to  determine  the  amount  of  leakage,  the  time  occupied  in  this  operation 
being  one  hour  and  twenty  minutes. 

When  the  fuU  head  of  17.7  feet  was  reached,  the  weir  was  lengthened 
to  4  feet,  and  a  series  of  observations  with  the  same  head  taken,  as  soon; 
as  the  level  of  the  surface  in  the  weir  basin  had  become  stationary,  which 
was  nineteen  minutes  after  the  weir  was  changed.     The  cover  upon  the- 
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iuside  of  the  aperture  was  then  lifted  off  and  the  water  contained  in  the 
flume  allowed  to  escape. 

A  series  of  observations,  No.  32,  was  first  taken  with  the  aperture  as  a 
Aveir,  at  a  head  of  0.516  feet  above  the  centre  of  the  aperture.  The  de- 
pression of  the  surface  was  such  that  the  water  did  not  touch  the  upper 
edge  of  the  orifice. 

Several  series  of  observations  were  then  taken — Nos.  33  to  38,  inclu- 
sive— with  heads  from  1.5  to  9.85  feet,  the  measuring  weir  remaining  at 
4  feet.  It  was  then  lengthened  to  9.013  feet,  and,  as  soon  as  the  level  of 
the  weir  basin  came  to  rest,  a  series  of  gauge  readings  was  taken  at 
about  the  same  head.  The  time  occupied  in  lowering  the  level  in  the 
weir  basin  was  about  eight  minutes.  The  weir  was  then  lengthened  to  10 
feet,  and  the  experiments  continued — series  Nos.  39  to  42,  inclusive — 
until  the  full  head  of  17.56  feet  was  reached. 

The  water  was  then  allowed  to  run  out  and  the  1  foot  circular  aper- 
ture substituted  for  the  1  foot  square  plate.  The  centre  was  set  at  the 
same  height  as  before,  1.556  feet  above  the  crest  of  the  weir,  so  that  the 
gauges  did  not  require  alteration.  The  weir  was  set  at  4  feet  in  length. 
Four  series  of  experiments,  Nos.  43  to  46,  inclusive,  with  heads  varying 
from  1.15  to  7  feet,  were  then  made  with  the  weir  at  this  length.  It  was 
then  lengthened  to  10  feet,  and  when  the  surface  of  the  weir  basin  had 
come  to  rest,  which  was  in  about  five  minutes,  another  series  of  observa- 
tions of  the  weir  heights  was  taken.  Five  series  of  experiments,  Nos.  47 
to  51,  inclusive,  were  then  made  at  heads  varying  from  10.9  to  17.74  feet 
with  the  Aveir  at  this  last  length. 

The  experiments  were  again  suspended,  from  August  13th  to  18tli,  on 
account  of  the  flume  being  needed  for  testing  turbines,  and  were  resumed 
on  the  latter  date  with  the  same  arrangement  of  apparatus,  and  of  stops 
and  floats  in  the  weir  basin,  as  befoi-e. 

The  1  foot  circular  plate  was  removed  and  the  one  with  aperture  of  6 
inch  diameter  put  in  its  place,  with  the  height  of  its  centre  1.806  feet 
above  the  crest  of  the  weir.  The  hook  giiage  at  the  flume  was  set  to  read 
from  this  point,  and  the  scale  of  the  glass  gauge  remained  as  before. 

A  hole  was  cut  in  the  planking  which  covered  the  opening  in  the  bot- 
tom of  the  flume,  and  the  circular  aperture  of  1  foot  diameter  was  placed 
over  it  by  screwing  the  plate  before  described  doAvn  to  the  planking,  the 
timber  being  cut  away  sufficiently  to  give  a  free  delivery  from  the  aper- 
ture.    The  top  of  this  plate  was  0.457  feet  above  the  crest  of  the  weir. 

At  one  side,  in  the  extreme  bottom  of  the  flume,  an  annular  cast-iron 
frame  was  set  in  the  planking  and  fitted  with  a  cover,  resting  upon  it  in  a 
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groove,  iieiirly  or  qnitc  watfr-tiglit.  This  was  for  the  purpose  of  draw- 
ing' off  the  water  in  the  bottom  of  the  flume,  below  the  aperture  in  the 
side,  which  became  necessary  in  arranging  the  submerged  apertures 
placed  in  the  bottom.  Previous  to  this,  when  it  became  necessary  to  let 
the  water  out  of  the  bottom,  one  of  the  planks  Avas  removed,  which 
covered  the  opening  over  which  turbines  were  placed  in  testing.  The 
cover  of  this  discharge  opening  had  a  loop  into  which  a  rod  was  hooked 
which  extended  upward  through  the  flooring  and  was  raised,  when 
desired,  by  the  hoisting  apparatus. 

All  these  arrangements  having  been  completed,  the  weir  was  set  at  2 
feet  length,  and  a  series  of  experiments  made  to  determine  the  leakage. 
This  was  taken  up  to  a  head  of  17.3  feet  upon  the  centre  of  the  6-inch  aper- 
ture. The  gauges  were  then  examined  and  the  scale  of  the  glass  gauge 
w'as  made  to  conform  to  the  centre  of  the  aperture. 

Two  series  of  observations,  Nos.  52  and  53,  were  then  taken,  at  about  2 
and  4  feet  heads,  with  the  6-inch  aperture,  the  other  being  closed.  The 
weir  was  lengthend  to  4  feet,  aud  a  series  of  observations,  No.  54,  taken 
T\ith  a  head  of  a  little  over  6  feet. 

As  it  was  found  somewhat  difficult  to  olitain  the  required  heads  in  the 
■flume,  and  to  maintain  them  for  any  length  of  time  with  this  small  ajier- 
ture,  on  account  of  the  large  volume  of  the  chambers  above  and  below 
the  biilk-head,  in  comparison  A\dth  the  size  of  the  aperture  and  weir,  the 
plan  of  adjusting  the  opening  of  the  gates  to  admit  a  volume  sufficient  to 
equal  the  flow  at  a  given  head,  so  that  the  level  in  the  flume  would  remain 
nearly  or  quite  constant,  was  changed  to  that  adopted  while  taking  the 
leakage,  of  letting  the  head  in  the  flume  slowly  rise  Avhile  the  readings  of 
the  gauges  were  taken.  In  this  manner  the  head  was  run  up  to  17.3  feet, 
the  level  of  the  upper  canal. 

The  water  was  then  drawn  off,  and  the  6-incli  aperture  closed,  so  as 
to  experiment  with  the  apertures  in  the  bottom  of  the  flume.  The  water 
was  allowed  to  rise  in  the  flume  until  there  was  no  vortex  over  the  aper- 
ture. The  circular  motion  ceased  when  the  height  above  the  aperture 
was  about  2. 6  feet.  Four  series  of  observations  were  then  taken,  Nos.  55 
to  58,  with  heads  up  to  8.2  feet  and  the  weir  at  4  feet  in  length.  This 
was  then  lengthened  to  10  feet,  and  another  series  taken  with  the  water 
at  the  same  height  in  the  flume.  The  difference  of  height  on  the  measur- 
ing w^eir,  however,  made  the  head  on  the  aperture  somewhat  greater,  or 
about  8.8  feet.  The  orifice  being  siibmerged,  the  head  was  measured  by 
the  difference  of  level  between  the  surface  of  the  water  in  the  flume  aud 
that  of  the  weir  basin. 
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Four  more  series  of  observations  v/ere  then  taken,  Nos.  59  to  G2,  lim- 
ning the  head  up  to  18.7  feet.  In  these  experiments  with  the  1  foot 
round  aperture,  the  level  of  the  water  in  the  weir  basin  was  always  above 
the  top  edge  of  the  aperture,  so  that  it  was  at  aU  times  submerged  ; 
the  vohime  of  water  discharged  passed  down  into  the  space  under  the 
floor  of  the  flume  before  described,  and  thence  out  to  the  weir  basin. 
The  bottom  of  the  planking  of  the  flume  was  al)out  on  the  level  of  the 
crest  of  the  weir,  and  there  was  a  space  of  about  6.5  feet  under  it  to  the 
bottom  of  the  basin. 

At  the  conclusion  of  this  series  of  experiments,  the  plate  containing 
the  1-foot  round  aperture  was  taken  off,  and  the  1-foot  square  plate 
screwed  down  in  its  place.  This  plate  was  -t\^  inch  thinner  than  the 
round  plate,  so  that  its  upper  surface  was  that  much  lower,  or  0.441 
feet  above  the  weir. 

The  weir  remained  at  10  feet  in  length,  and  seven  series  of  observa- 
tions were  made,  Nos.  63  to  69,  inclusive,  at  heads  from  2.2  to  18.5  feet. 
With  the  lowest  head  there  was  no  vortex  formed,  the  Avater  being  raised, 
until  the  vortex  disappeared,  before  the  observations  were  commenced. 
At  the  lowest  head  observed,  the  level  of  the  weir  basin  was  only  0.37 
feet  above  the  crest  of  the  weir,  while  the  level  of  the  top  surface 
of  the  aperture  was  0.441  feet  above  the  same  point  ;  so  that  it  was 
theoretically  0. 07  feet  above  the  point  at  Avhicli  it  would  be  submerged. 
As,  however,  this  space  was  enclosed  within  the  thickness  of  the  plank 
flooring  of  the  flume,  and  must  have  been  entirely  filled  with  water,  it 
probably  made  no  material  difference  in  the  discharge.  The  head  in  aU 
the  experiments  was  measured  from  the  surfiace  of  the  water  in  the  flume 
to  the  surface  of  the  water  in  the  weir  basin. 

At  the  conclusion  of  the  foregoing  experiments  upon  sharp  edged  ap- 
ertures, it  was  desired  to  know  the  discharge  through  a  certain  shaped 
mouth-piece  placed  inside  of  the  aperture.  This  consisted  of  an  ellip- 
tical curved  approach  to  the  iron  plate,  cut  in  a  square  wooden  frame. 
This  frame  was. fitted  to  the  plate  and  was  fastened  down  over  it,  so  that 
the  edges  of  the  apertures  exactly  coincided.  This  elliptical  approach 
has  been  previously  described  and  is  shown  in  Fig.  15.  Five  series  of 
experiments,  Nos.  70  to  74,  were  made  with  heads  from  3  to  18.2  feet. 
The  lowest  head  was  taken  as  soon  as  the  vortex  ceased  over  the 
opening. 

These  last  experiments  were  made  on  the  afternoon  of  August  19th, 
and  conchided  the  series,  as  the  flume  was  again  required  for  other- 
purposes. 
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Yelocitv  <>i'  Appkoach. — In  the  foregoing  experiments  the  ve- 
locity of  ;ippro:u-h  to  the  measuring  ^eir  was  rarely  sufficient  to  affect 
the  volume  of  discharge.  It  has  been,  however,  iu  all  cases  taken  into 
account  in  the  computations,  and  the  proper  correction  made.  These 
corrections  are  generally  so  small  that  the  difference  in  the  theories  of 
the  more  distinguished  writers  upon  hydraulics  regarding  the  effect  of 
the  velocity  upon  the  discharge,  would  make  but  slight  difierences  in  the 
results.  Experiments  upon  this  subject  appear  to  be  meagre,  unsatisfac- 
tory and  unsuited  to  the  present  requirements,  on  account  of  the  very 
small  sections  of  the  channels  in  which  they  have  been  tried.  Different 
authors  have  been  led  by  them  to  different  conclusions,  which  would 
greatly  affect  the  quantity  discharged  over  a  weir,  if  the  velocity  of  the 
approaching  current  should  be  considerable. 

Boileau  and  some  other  writers  assume  that  the  whole  living  force  of 
the  approaching  current,  in  the  entire  section  of  the  sti'eam,  is  expended 
in  increasing  the  discharge  over  the  weir.  Others,  and  among  them  Mr. 
Francis,  assume  that  the  living  force  of  the  current  in  a  section  equal  to 
the  area  of  the  orifice  only,  is  expended  in  increasing  the  discharge.  As 
Mr.  Francis  observes,  neither  of  these  assumptions  is  probably  strictly 
correct. 

Let  us  for  a  moment  observe  what  would  be  the  probable  conditions 
under  which  water  would  approach  a  weir  through  a  canal  of  larger  area, 
the  weir  being  opened  through  a  square  bulkhead  in  the  usual  manner. 
In  the  channel,  the  water  would  flow  with  a  velocity  greatest  in  the  mid- 
dle at,  or  a  little  below,  the  surface,  and  diminishing  towards  the  sides 
and  bottom  of  the  canal.  As  this  current  flows  towards  the  weir  opening, 
it  converges,  becomes  more  rapid  and  passes  over  the  weir,  leaving  more 
or  less  dead  water  without  motion,  in  the  angles  formed  by  the  bulkhead 
with  the  bottom- and  sides  of  the  canal. 

Now,  it  is  evident  from  the  elementary  principles  of  mechanics  that 
the  whole  living  force  of  the  stream  is  expended  somewhere.  The  impor- 
tant question  is,  when  and  how  does  it  affect  the  discharge  ?  From  a 
somewhat  careful  study  of  the  motion  of  the  filaments  of  water  as  they 
approach  and  are  discharged  at  the  weir,  the  writer  is  of  opinion  that  the 
greater  part  of  the  current  at  the  bottom  and  sides  of  the  channel,  out- 
side of  the  dimensions  of  the  weir  opening,  exerts  its  force  in  maintaining 
a  head  near  the  weir  due  to  its  velocity  by  means  of  its  reaction  against 
the  bulkhead  or  the  dead  water  in  the  angles.  This  head  is  measured  by 
the  gauges  which  show  the  depth  u^on  the  weir,  and  is  the  exact  equiva- 
lent of  an  equal  head  of  still  water,  so  far  as  relates  to  the  discharge. 
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The  central  upper  portion  of  the  stream,  opposite  the  weir  opening, 
being  unobstructed  in  its  motion  by  the  bulkhead,  or  by  any  material 
friction  from  the  sides,  imparts  its  living  force  directly  to  the  volume 
passing  over  the  weir  and  increases  its  discharge  without  increasing  the 
observed  head  as  measured  by  the  gauge.  In  determining  the  velocity  of 
approach  which  acts  directly  upon  the  discharge,  we  should  therefore 
take  that  part  of  the  stream  which  is  opposite  to  the  weir  opening,  and 
not  the  mean  velocity  of  the  whole  stream,  as  is  generally  done. 

It  is  not  thought  that  the  boundary  of  the  weir  opening  is  the  exact 
limit  outside  of  which  the  living  force  of  the  stream  only  increases  the 
measured  head,  or  within  which  it  only  increases  the  velocity  of  discharge 
over  the  weir,  but  that  it  is  the  nearest  practicable  approximation  to  the 
operation  of  the  existing  forces  and  their  effects  upon  the  discharge. 

As  this  velocity  of  approach  is  combined  with  the  velocity  with  which 
the  water  would  flow  over  the  Aveir  from  a  still  pond,  and  as  it  may  be 
considered  uniform  for  the  length  and  depth  of  the  weir  aperture,  it  is 
customary  to  ascertain  what  head  would  produce  this  velocity  and  add  it 
to  the  actual  measured  head  upon  the  weir,  to  find  the  effective  head  un- 
der which  the  flow  takes  place.     This  effective  head  does  not  increase  the 
actual  depth  upon  their  weir,  but  adds  to  the  velocity  of  discharge  with- 
out increasing  the  dischai-ging  area.     The  theoretical  velocity  without 
contraction  is  easily  obtained.     The  velocity  of  water  flowing  over  a  weir 
is  proportionate  at  the  several  depths  to  the  ordinates  of  a  parabola 
which  has  its  vertex  at  the  height  of  the  head  and  a  parameter  of  2  g. 
The  total  discharge  is,  therefore,  represented  by  the  area  of  the  segment 
included  between  the  vertex  and  the  ordinate  representing  the  bottom 
velocity  at  the  crest  of  the  weir.     In  the  case  before  us,  we  have  the 
theoretical  discharge  equal  to  the  parabolic  segment  of  which  the  height 
to  the  vertex  is  if  +  h,  less  the  parabolic  segment  whose  height  to  the 
vertex  is  A;     H  and  h  being  respectively  the  measured  height  on  the 
weir   and  the  head  due  to  the   velocity  of   aiiproach.     This  gives  the 
exact    theoretical   discharge   and  may    be   exj^ressed    by   the    formula, 

.given  by  Mr.  Francis  ;*  j  s/'lcj    \    [H  +  lif  —  It"  1  /. 

In  obtaining  the  true  discharge,  he  applies  to  this  formula  his  coeffi- 
cient obtained  for  weirs,  which,  although  not  proven  for  this  formula,  is 
evidently  near  enough  for  all  practical  purposes  of  application  and, 
agrees  well  with  such  exj)eriments  as  have  been  tried.  Neville,  in  his 
"  Hydraulic  Tables  and  Formulse,"!  makes  the  flow  over  a  weir  under 

*  Lowell  Hydraulic  Experiments.    J.  B.  Francis,  p.  117.    t  Page  101. 
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these  circumstances  exactly  e(]ual  to  the  (hscharge  through  a  rectang- 
ular aperture  of  the  length  of  the  weir  with  a  height  H  and  a  head 
of  h  above  the  upper  edge.  This  appears  to  be  substantially  cor- 
rect, although  at  first  sight  it  would  seem  that  the  top  contraction  would 
diminish  the  discharge.  The  bottom  contraction  is,  however,  propor- 
tionately less.  In  reality,  instead  of  there  being  any  top  contraction, 
there  is  an  increased  swell  or  change  of  theoretical  curve  in  the  other 
•direction,  nearly  or  quite  equal  to  the  contraction  due  to  the  dis- 
charge under  the  head  h. 

In  the  present  experiments,  the  effect  of  the  velocity  of  approach 
upon  the  discharge  over  the  measuring  weir  has  been  computed  by 
taking  the  total  actual  discharge  at  a  head  of  iJ+  h,  and  deducting 
from  it  the  actual  discharge,  with  a  head  h  upon  the  same  weir.  This  is 
believed  to  be  the  most  accurate  method  of  obtaining  the  true  discharge, 
and  has  also  the  advantage  that  the  quantities  can  be  taken  directly  from 
prepared  tables  of  discharge.  Mr.  Francis's  method  is  laborious  in  all 
•cases,  and  is  based  upon  the  same  general  principle. 

Mr.  Francis  takes  the  difference  of  the  theoretical  discharges  at  heads 
of  H-\-  h  and  h,  and  applies  his  coefficient  to  the  result ;  or  more  exactly 
he  finds  a  height  H\  which  will  produce  this  difference  of  discharge  with 
any  uniform  coefficient,  and  then  applies  his  coefficient  to  the  theoretical 
xlischarge  at  a  head  equal  to  IT\  This  assumes  that  the  bottom  and  end 
•contraction  is  the  same  in  amount  for  the  discharge  at  a  height  H^  as  for 
the  discharge  at  a  height  H  under  a  head  of  if  +  h.  At  high  velocities 
this  involves  a  small  error  which  is,  however,  more  theoretical  than  prac- 
tically imjDortant.  The  corrections  for  velocity  of  approach  are  applied 
to  the  present  experiments  in  all  cases  where  they  affect  the  result  by  so 
much  as  0.01  cubic  feet  per  minute. 

Leakage. — Before  commencing  the  experiments,  and  as  often  as 
&i\\  change  was  made  which  would  affect  the  amount  of  leakage  from 
the  upper  side  of  the  bulkhead  in  which  the  apertures  were  placed,  to 
the  lower  side  from  which  the  Avater  flowed  over  the  measuring  weir,  the 
leakage  was  taken  by  noting  the  depth  on  the  weir,  for  all  heights  in 
the  flume  that  were  to  be  used  in  the  experiments  upon  the  apertures. 

The  water  was  admitted  to  the  lock  above  the  bulkhead,  and  allowed 
gradually  and  slowly  to  rise  until  it  attained  the  full  head.  The  gauges 
were  carefuUy  read  at  intervals  of  one  minute,  while  the  head  slowly 
increased.  The  head  was  allowed  to  rise  very  slowly  at  first,  when 
greater  accuracy  was  more  important  on  account  of  the  leakage  being  a 
larger  percentage  of  the  total    discharge  through  the  apertures,    and 
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afterwards  more  rapidly  as  the  head  became  greater.  The  whole  opera- 
tion usually  occupied  about  two  hours. 

There  was  probably  some  leakage  through  the  weir  bulkhead,  although 
none  was  apparent.  Whatever  this  leakage  may  have  been,  it  was  small 
in  amount  and  was  of  no  material  consequence  in  the  experiments,  as  the 
amount  measured  over  the  weir  gave  the  difference  between  this  and  the 
quantity  leaking  through  the  bulkhead  above,  which  Avas,  even  at  the 
lowest  heads,  always  in  excess  ;  so  that  there  was  always  water  running 
over  the  weir.  Whatever  leakage  there  may  have  been  in  any  manner 
from  the  basin  above  the  weir,  Avas  thus  eliminated  from  the  results  of 
the  experiments. 

The  nature  of  the  leakage  through  the  bulkhead  in  which  tlie  aper- 
tures for  the  experiments  Avere  placed,  was  as  follows  : — beloA\'  the  surface 
of  the  Avater  in  the  basin  between  the  bulkhead  and  the  weir,  there  was- 
evidently  some  leakage  ;  the  Avater  Avould  run  over  the  crest  of  the  weir 
when  there  was  an  appreciable  difference  of  head.  As  the  head  increased 
there  was  little  or  no  visible  leakage  above  the  level  of  the  Aveir  basin 
until  the  opening  in  the  bulkhead  was  reached  in  which  the  plates  were 
set  for  the  experiment.  The  joints  Avere  not  perfectly  water-tight^ 
although  eA'ery  care  was  taken,  by  packing  or  otherwise,  to  have  them  as 
nearly  so  as  possible,  and  some  small  jets  Avould  find  their  way  through. 
There  was  also  a  probable  leakage  through  the  hole  in  the  bottom  of  the 
flume  above  the  bulkhead,  which  was  ordinarily  left  open  Avhile  work 
was  going  on  in  placing  and  arranging  the  apertures  to  get  rid  of  the 
water  remaining  below  the  aperture,  and  Avhich  was  spiked  doAvn  the  last 
thing  before  leaving  the  flume  and  opening  the  gate  to  admit  the  water 
from  the  canal.  There  Avas,  probably,  a  small  leakage  under  the  cover- 
ing plank  next  to  the  floor  of  the  flume.  This  Avas  0.2  feet  above  the  crest 
of  the  weir.  From  this  place  up  to  the  opening  made  for  the  frame  which 
held  the  plates  experimented  upon,  there  Avas  little  or  no  additional 
leakage  ;  around  the  plate,  as  before  stated,  some  water  escaped  ;  above 
this  there  were  occasional  leaks  between  the  edges  of  the  bulkhead  and 
the  masonry  of  the  sides  of  the  lock,  Avhich  became  more  apparent  as- 
the  head  was  increased  in  the  flume. 

In  the  first  two  experiments  for  leakage,  there  Avas-  a  remarkable 
change  in  the  rate  of  increase,  commencing  at  about  10  feet  head  ;  ajapa- 
rently  indicating  an  unobserved  interior  leak  beween  the  flume  and  the 
weir  basin.  In  the  first  series  of  observations  taken,  the  rubber  tube 
leading  from  the  flume  to  the  hook  gauge  Avas  accidentally  left  open, 
which  Avould  account  for  sonae  extra  leakage  in  that  experiment ;  it  Avas- 
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not  olDservecl  until  a  uumber  of  gauge  readings  had  been  taken,  so  that 
it  was  left  open  during  the  remainder  of  the  trial  for  leakage  and  in  the 
subsequent  experiments  for  which  this  leakage  was  determined  ;  being  a 
-constant  quantity  for  the  same  head,  it  did  not  affect  the  results  ;  it  had 
only  the  effect  of  making  the  leakage  somewhat  larger  than  it  otherwise 
would  have  been. 

The  cause  of  the  leakage  increasing  so  much  more  rapidly  at  high 
heads  in  the  first  two  series  of  experiments  than  in  the  subsequent  ones, 
has  not  been  determined.  There  must  have  been  some  openings  not 
seen  above  the  surface  of  the  water,  caused,  perhaps,  by  the  springing  of 
the  plank  bottom  of  the  flume  and  opening  the  joints,  which  did  not 
occur  in  the  subsequent  trials.  There  was  an  interval  of  two  weeks 
between  the  experiments,  during  which  the  flume  was  used  for  the  testing 
of  turbines  and  a  consequent  taking  out  and  replacing  the  bottom  floor- 
ing, which  may  have,  and  probably  did,  affect  the  amount  of  leakage. 
The  actual  flow  over  the  weir  was  in  all  cases  carefully  measured,  at  all 
heads,  before  commencing  the  experiments  uiion  the  apertures,  after 
each  change  requiring  it ;  so  that  no  ambiguity  existed  regarding  the 
actual  volume  of  leakage  over  the  weir  with  the  aperture  closed.  When, 
however,  the  aperture  was  opened  to  measure  its  discharge,  the  depth  of 
water  upon  the  weir  was  increased  for  the  same  head  in  the  flume  above  ; 
the  leakage,  therefore,  was  not  all  acting  under  the  same  head  as  before  ; 
"the  water  pouring  into  the  basin  from  the  large  apertures  with  which  the 
experiments  were  tried,  fiUed  it  to  a  higher  level  and  created  aback  water, 
so  to  speak,  upon  a  certain  portion  of  the  leakage  pre\iously  measured. 

Thus,  above  the  new  level  in  the  weir  basin,  the  amount  leaking 
through  the  bulkhead  would  remain  the  same  for  the  same  head.  Between 
tne  new  level  and  the  j)revious  one  the  amount  leaking  through  would  be 
diminished  by  the  mean  difference  of  head  ;  below  the  Hue  of  the  water 
in  the  weir  basin,  at  the  time  the  leakage  was  measured,  the  amount 
would  be  diminished  by  the  quantity  due  to  the  difference  of  head 
l)etween  the  two  levels  in  the  basin  :  that  is,  there  would  be  back  water 
iij)on  the  leaking  aj)ertures  below  the  surface,  to  this  amount. 

Although  aU  of  these  quantities  are  small,  they  have  been  taken  into 
account  in  the  computation.  Fortunately  there  was  no  perceistible  leak 
between  the  level  of  the  weir,  or  low  water  in  the  weir  basin,  and  the 
highest  water  during  the  experiments.  This  eliminated  the  consideration 
of  the  leakage  between  those  points.  The  leakage,  therefore,  became  di- 
vided into  two  parts  or  elements,  one  of  which  was  that  proceeding  from 
■openings  in  the  bulkhead  above  the  bottom  of  the  aperture  upon  which 
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the  experiments  were  tried,  and  Avliicli  was  independent  of  the  level  of 
the  weir  basin,  and  the  other  proceeding  from  whatever  openings  might 
have  existed  below  the  surface  of  the  water  in  the  weir  basin  at  the  time 
the  leakage  was  measured.  This  part  of  the  leakage  was  dependent  upon 
the  difference  of  the  level  in  the  flume  and  weir  basin,  which  was  greater 
for  the  same  height  in  the  flume  when  the  leakage  was  measured,  than 
afterwards,  during  the  experiments,  when  a  greater  volume  of  water  was^ 
discharged  over  the  weir. 

At  first  the  problem  of  determining  what  projDortion  of  the  leak- 
age was  affected  by  the  reduced  head,  seemed  to  present  some  diflfi- 
cidty,  as  the  total  amount  only  had  been  measured,  and  that  only 
from  a  jooint  above  the  centre  of  the  aperture  upon  which  the- 
experiments  were  to  be  tried.  Although  it  was  evident  that  the  amount 
of  difference  Avas  small,  yet  it  was  desired  to  obtain  every  element  in  the 
computation  of  discharge  Avitli  the  greatest  exactness,  and  to  determine 
the  amount  that  the  total  leakage  would  be  reduced  by  the  lessened  head 
on  that  part  of  it  which  was  below  the  surface  of  the  water.  It  was  finally 
obtained  in  the  following  manner: — the  leakage  discharges,  as  measured, 
were  plotted  as  ordinates  upon  section  paper  to  a  large  scale,  which 
would  show  0.01  cubic  feet  per  minute.  This  gave  the  general  direction 
of  a  line  of  which  another  point  was  0  discharge  at  the  height  of  the 
Aveir,  or  at  the  head  of  0;  the  heights  in  the  flume,  from  the  weir  up,  being^ 
plotted  as  abscissae.  All  the  leakage  below  the  lower  level  of  the  weir  basin 
was  assumed  to  pass  through  an  opening  below  the  surface  of  the  Avater, 
which  would  give  the  proper  discharge  at  the  height  of  the  lower  edge  of 
the  experimental  aperture.  As  any  further  leakage  came  in  above  this 
point,  the  apjiroximate  leakage  at  the  bottom  of  the  ajjerture  was  assumed 
to  be  the  quantity  passsing  through  below  the  water  at  this  head,  and 
the  curve  of  theoretical  discharges  due  to  the  same  opening  was  carried 
lip  to  the  higher  heads  at  Avhich  experiments  were  made. 

If,  then,  we  call  L  the  total  leakage  measured  for  the  height  of  water 
in  the  flume  in  any  experiment,  h  the  difference  of  head  between  the 
level  in  the  Aveir  basin  and  the  flume,  and  d  the  difl'erence  between  the 
level  in  the  Aveir  basin  and  the  previous  height  Avhen  the  total  leakage 
was  measured,  Ave  shall  have  the  true  leakiige  etpial  to  L,  less  the  dif- 
ference of  discharge  through  the  submerged  apertures  at  the  heads 
h-\-d  and  h. 

In  this  manner  the  leakage  Avas  found  for  all  the  experiments.  The 
exact  values  of  the  submerged  discharges  were  not  material,  as  their  dif- 
ferences only  entered  into  the  computation,  and  under  the  small  changes 
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of  level  in  the  weir  basiu  for  which  the  diflfereuees  of  discharge  were  takeu, 
the  size  of  the  eqiaivaleut  submerged  orifice  could  be  materially  varied 
"without  sensibly  affecting  the  results. 

COREECTION     FOR     DIFFERENCE     OF    Le^-EL     IN     THE      WeIR    BaSIN. — 

There  was  another  important  correction  to  be  made  in  the  volume 
measured  over  the  weir,  to  determine  the  exact  discharge  from  the  aper- 
ture in  the  bulkhead.  In  the  experiments,  it  was  endeavored  to  maintain 
the  water  in  the  flume  at  as  nearly  as  possible  a  uniform  height  during 
a  series  of  observations,  by  the  adjustment  of  the  gates  leading  into  the 
lock  from  the  canal.  It  was  found,  however,  that  when  the  level  in  the 
flume  attained  nearly  its  position  of  equilibrium,  so  that  the  volume  of 
water  discharged  at  the  orifice  would  be  nearly  equal  to  that  entering,  it 
rose  or  fell  very  slowly,  and  that  the  changes  of  level  in  the  canal  above 
would  modify  its  height  in  such  a  manner  that  it  became  impossible,  by 
any  amount  of  waiting,  to  obtain  an  exact  uniformity  of  level  in  the  flume 
and  weir  basin  for  several  consecutive  minutes. 

The  fluctuations  in  the  level  of  the  weir  basin  followed  those  of  the 
water  in  the  flume.  If  the  head  in  the  flume  was  rising,  an  increasing 
volume  would  be  constantly  pouring  into  the  weir  basin,  and  necessarily 
raised  its  level  before  the  weir  Avould  discharge  it.  If  the  head  in  the 
flume  were  decreasing,  the  lessened  volume  entering  the  weir  basin  would 
cause  it  to  lower  its  level  until  the  weir  discharged  tlie  reduced  quantity. 
If  the  change  in  the  level  in  the  flume  were  going  on  gradually,  or  was 
continually  fluctuating,  the  changes  in  the  weir  basin  would  likewise  be 
continually  taking  place,  a  little  in  retard  of  the  changes  in  the  flume. 

These  changes  did  not  follow  with  equal  rai^idity  in  rising  and  falling. 
For  instance,  suppose  the  flume  level  to  rise  quickly  a  certain  distance 
and  remain  stationary,  the  increased  volume  of  discharge  would  very 
soon  fill  the  weir  basin  so  that  the  weir  would  discharge  the  additional 
quantity.  If,  however,  we  suppose  the  level  in  the  flume  to  drop  quickly 
the  same  distance  and  remain,  then  the  water  in  the  weir  basin  would  not 
so  quickly  adapt  itself  to  the  new  discharge.  The  extra  height  would 
gradually  run  off,  but  the  fall  through  the  last  part  of  the  distance  would 
be  extremely  slow. 

For  this  reason  the  observations  were  taken,  in  nearly  all  cases,  while 
the  water  was  as  nearly  stationary  as  possible,  but  were  Commenced  while 
it  was  still  rising,  with  an  endeavor  to  seize  the  opportunity  of  taking 
some  readings  while  the  height  would  be  stationary  in  the  flume  and  weir 
basin.  This,  however,  seldom  occurred,  and  it  is  doubtful  if  the  results 
of  a  single  observation,  or  even  a  series  of  observations,  taken  when  the 
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■water  was  stationary,  would  give  any  greater  degree  of  accuracy  tlian  a 
succession  of  observations  taken  when  tlie  water  was  gradually  rising  and 
treated  as  will  be  described.  With  the  leakages,  and  observations  upon 
the  small  circular  aperture  of  6  inches  diameter  at  the  higher  heads,  it 
was  found  impracticable  to  regulate  the  entrance  gates  so  as  to  obtain 
such  an  equilibrium  of  discharge  between  the  gates  and  the  orifices  as  to 
maintain  a  given  head.  The  nicest  practicable  adjustment  in  the  open- 
ing of  the  gates  caused  so  great  and  uncertain  a  difference  of  head  in  the 
flume  before  coming  to  a  stand,  and  occupied  so  much  time  in  doing  so, 
that  these  observations  were  taken  with  a  constantly  rising  head  at  a  slow 
and  nearly  uniform  rate.  The  reading  of  the  gauges  were  taken  at 
one  minute  intervals  and  at  the  same  time. 

Although  the  changes  of  head  in  the  flume  and  weir  basin  were  very 
slight  and  gradual,  it  will  be  observed  that  the  quantity  of  discharge 
through  the  aperture  would  always  precede  the  same  amount  passing  over 
the  weir  by  a  certain  interval,  owing  to  the  time  occupied  in  raising  or 
lowering  the  level  of  the  weir  basin  to  the  proper  height  to  discharge 
this  quantity.  A  correction  was  therefore  required  which  should  make 
the  measured  discharge  equal  to  that  flowing  from  the  ajierture  at  any 
given  instant  of  time. 

The  constantly  varying  head  in  the  flume,  and  the  constantly  varying 
discharge  over  the  weir,  together  with  the  fact  that  the  times  of  equal 
discharges  were  not  synchronous,  appeared  at  first  to  offer  an  obstacle  to 
deducing  more  accurate  results  from  the  observations  than  could  be  ob- 
tained by  mechanical  methods  of  getting  the  head  upon  the  aperture  and 
the  level  of  the  weir  basin  as  nearly  in  equilibrium  as  23ossible,  and  meas- 
uring the  resulting  head  upon  the  weir.  The  practical  difiiculties  of 
maintaining  an  exact  head  were,  however,  such  that  in  most  cases  single 
observations  would  have  to  be  depended  upon  in  place  of  the  means  of 
several  successive  exjaeriments. 

After  investigating  this  subject  mathematieally  in  various  ways,  in 
order  to  ascertain  the  laws  upon  which  the  relative  variations  in  the 
quantity  of  discharge  by  the  apertures  used  in  the  several  experiments 
and  that  of  the  measuring  weir  depended,  it  was  found  that  the  most  ac- 
curate and  determinate  method  of  obtaining  the  exact  discharge  at  a 
given  time  was  likewise  one  of  the  simplest  and  most  readily  comiDrehended. 

It  is  evident  that  at  any  instant  of  time  during  which  an  aperture  is 
discharging  into  the  weir  basin,  and  therefore  at  a  known  head  in  the 
flume,  although  this  may  be  constantly  varying,  the  differential  of  the 
volume  discharged  will  be  equal  to  the  differential  of  the  quantity  j)assing 
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over  the  weir  at  tlie  same  iiistaut,  plus  or  minus  the  differential  of  the 
quantity  of  water  in  the  weir  basin  according  as  it  is  rising  or  falling. 
That  is,  for  any  indefinitely  small  interval  of  time,  the  exact  rate  of  dis- 
charge from  the  aperture  will  be  equal  to  the  rate  of  discharge  from  the 
weir,  phis  or  minus  the  rate  by  which  the  quantity  in  the  weir  basin  has 
changed,  according  as  the  level  has  risen  or  fallen. 

The  rate  of  discharge  over  the  measuring  weir  for  any  instant,  we 
have  directly  by  noting  the  depth  on  the  weir,  and  we  find  by  an  exam- 
ination of  the  several  series  of  observations  taken,  that  the  depths  on  the 
weir  in  successive  minutes,  or  the  changes  of  level  in  the  weir  basin,  vary- 
nearly  in  an  arithmetical  progression,  so  that  the  changes  are  nearly  or 
quite  alike  for  two  successive  minutes.  The  mean  rate  of  rise  or  fall  for 
a  minute  before  and  a  minute  after  the  time  will  therefore  be  the  rate  at 
the  required  instant. 

In  order  to  obtain  the  number  of  feet  per  second  due  to  a  rise  or  fall 
of  the  water  in  the  weir  basin,  its  area  w^as  carefully  measured  and  all  ob- 
structions, such  as  vertical  posts,  stop-planks,  etc.,  were  also  measured 
and  deducted  from  the  surface  area.  This  area,  multiphed  by  the  rise  or 
fall  per  minute  in  feet,  gave  the  cubic  feet  per  mimite  due  to  its  rate  of 
variation.  "We  can  therefore  determine  by  this  method  the  exact  rate  of 
discharge  from  the  aperture  at  any  given  time. 

The  same  principle  was  applied  to  the  means  of  the  series  of  observa- 
tions taken  at  any  particular  height,  by  which  very  much  greater  accuracy 
was  obtained  than  would  be  possible  with  any  single  observation.  These 
series  generally  differed  by  but  very  small  quantities,  both  in  the  head  in 
the  flume  and  the  depth  on  the  weir.  The  means  of  these  were  corrected 
by  the  means  of  the  differences  of  level  in  the  weir  basin  at  the  commence- 
ment and  end  of  the  series. 

Methods  or  Computing  the  Kesults. — In  combining  and  com- 
puting the  results  of  the  experiments,  in  order  to  obtain  the  coefficients 
of  discharge  for  the  several  apertures,  at  the  different  heads,  the  series  for 
each  aperture  taken  at  practically  the  same  head  were  carefully  examined, 
and  sometimes  a  few  of  tlie  observations,  generally  those  taken  at  the 
commencement  of  the  series,  before  the  water  iii  the  flume  and  weir  basin 
had  come  nearly  to  a  stand,  were  rejected  from  the  computation.  The 
remaining  observations  constituted  a  series  of  nearly  the  same  height  on 
the  measuring  weir,  and  nearly  the  same  head  on  the  aperture.  The 
fluctuations  were  very  small  compared  to  the  total  quantities  discharged, 
and  any  one  of  the  observations  would  give  a  great  degi-ee  of  exact- 
ness were  the   discharge   computed   from  it   alone.      Many   successive 
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observations  were  often  alike  in  eacli  series,  and  the  discharge  remained 
practically  constant  during  the  time  they  continued,  generally  three  or 
four  minutes  near  the  end  of  the  series. 

When  the  readings  of  the  gauges  were  constant  for  a  number  of  min- 
utes, they  gave  the  volumes  of  discharge  with  as  great  accuracy  as  the 
readings  were  taken ;  but  if  there  was  a  small  difference  in  the  successive 
minutes,  a  correction  for  the  rate  of  variation  in  the  weir  basin  became 
requisite. 

As  the  depth  of  Avater  upon  the  measuring  weir  could  only  be  ac- 
curately read  to  thousandths  of  a  foot,  there  was  reason  to  believe  that 
the  means  of  a  series  of  ten  or  twelve  observations,  when  corrected  for 
the  slight  variations  before  named,  would  give  more  accurate  results 
than  the  uniform  readings  even  for  several  successive  minutes,  owing  to 
the  elimination  of  errors  of  observation  and  scale  readings  that  might 
occur  with  the  uniform  height. 

The  series  of  observations  were  therefore  treated  in  several  different 
ways  in  comisuting  results.  In  nearly  all  cases  the  mean  of  the  whole 
series  was  taken,  by  averaging  the  heights  of  water  in  the  flume  and  the 
depth  on  the  measuring  weir  and  correcting  the  resulting  discharge  by 
the  mean  amount  of  rise  and  fall  in  the  weir  basin.  The  means  of  the 
best  few  nearly  uniform  observations  were  also  taken,  in  different  i^arts 
of  the  series,  and  corBected,  if  necessary,  in  the  same  manner.  The  re- 
sults of  the  best  uniform  observations  not  needing  correction  were  also 
computed. 

In  some  of  the  series  but  one  of  these  methods  was  adopted,  as 
for  instance,  when  the  water  rose  gradually  from  the  commencement 
to  the  end  of  the  observations.  In  this  case  nothing  would  be  gained  by 
taking  less  than  the  whole  number.  In  the  greater  part,  however,  twa 
or  three  methods  of  combining  the  observations  have  been  used,  neither 
of  which  could  with  certainty  be  said  to  be  the  best,  although  preference 
was  given  them,  before  compiiting,  in  the  order  in  which  they  ai"e  j>laced 
in  the  tables  of  results. 

The  general  method  of  computing  the  volume  of  discharge  was  as  fol- 
lows:— ^the  mean  was  taken  of  a  certain  number  of  observations,  noting 
the  means  of  the  heads  on  the  aperture  and  the  depths  on  the  weir  to  the 
nearest  ten-thousandth  of  a  foot.  The  approximate  discharge  over  the 
weir  was  then  taken  from  atablepreparedfromFrancis's  weir  formula  and 
noted.  The  difference  was  taken  of  the  depths  on  the  weir  at  the  com- 
mencement and  end  of  the  observations  embraced  in  taking  the  means, 
and  a  com^ction  made  for  the  mean  rise  or  fall  of  the  weir  basin  by 
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adding  or  subtracting  the  proper  quantity  to  tlie  volume  of  discharge, 
as  previously  described  when  discussing  this  correction.  The  difference 
of  depth  on  the  weir  to  produce  this  diflference  of  discharge  was  also 
computed. 

The  correction  of  discharge  for  velocity  of  approach  was  next  com- 
puted in  the  manner  heretofore  described.  This  correction  was  of  im- 
material amount  in  most  of  the  discharges,  but  was  made  for  all,  and 
included  whenever  it  amounted  to  0.01  cubic  feet  per  minute.  The 
velocity  was  deduced  from  the  approximate  discharge  and  the  area  of  the 
basin  a  short  di.stance  back  from  the  weir.  The  head  due  to  this  velocity 
was  then  taken  from  a  table,  and  the  corrected  discharge  computed  as 
described  when  discussing  this  correction.  The  leakage  was  then  com- 
Ijuted.  The  diflference  of  level  in  the  weir  basin  when  the  experiments 
for  leakage  and  discharge  were  made  under  the  same  head  was  noted. 
The  leakage  for  the  whole  head  was  corrected  by  the  amount  due  to  this 
difference,  and  the  result  deducted  from  the  computed  discharge  over  the 
weir.  This  gave  the  true  volume  flowing  from  the  aperture  under  the 
given  mean  head  in  the  flume. 

It  then  remained  to  compute  the  coeflficient  of  discharge.  The  first 
question  that  presented  itself  for  consideration  was,  whether  this  coeffi- 
cient shoidd  express  the  ratio  between  the  actual  volume  of  discharge 
and  the  true  theoretical  discharge,  or  the  ratio  between  the  actual  volume 
of  discharge  and  the  discharge  computed  from  assuming  the  head  on  the 
centre  of  the  aperture  to  be  the  mean  head  under  which  the  discharge 
takes  place. 

Although  the  former  has  been  advocated  as  being  theoretically  the 
most  precise,  and  such  coefficients  have  been  given  by  some  authors,  it  is 
believed  that  the  latter  is  the  most  iisual  and  by  far  the  most  con- 
venient for  i^ractical  use.  There  appears  to  be  no  necessity  for  knowing 
the  exact  theoretical  discharge,  and  its  comiautation  is  laborious  and  dif- 
ficult even  for  rectangular  apertures.  For  circular  and  other  forms,  it  is 
believed  that  the  exact  theoretical  discharge  is  rarely  computed.  For  the 
above  reasons,  and  also  that  the  best  coefficients  known  give  the  same 
ratio,  the  latter  has  been  computed  for  these  experiments. 

The  assumed  theoretical  discharge  is  therefore  -^  2  g  hX-A,  cubic 
feet  per  second,  or  &Q  ^^  2  g  h  X  A,  cubic  feet  per  minute;  g,  being  the 
force  of  gravity  at  the  place ;  h,  the  head  on  the  centre  of  the  aperture  ; 
and  A,  the  area  of  the  aperture  in  feet. 

The  coefficient  is,  , ;  D  being  the  actual  discharge. 

m^  2gV  h  X  A, 


46 

The  force  of  gravity,  g,  at  the  place  where  the  exiDeriments  were 
made  was  computed  as  follows: — the  latitude  of  the  place,  as  determined 
from  the  maps  of  the  Massachusetts  surveys,  is  43o-12'-43",  and  the 
height  of  the  orifices  was  about  81  feet  above  the  mean  level  of  the  sea, 
as  determined  by  levels  taken  tinder  the  direction  of  the  writer  from  Say- 
brook  to  Holyoke,  a  distance  of  about  80  miles. 

The  value  of  g  is  computed  from  La  Place's  formulas:  — 

g  =  g'  (1-mcos  2  i)  (l  -  ?-^".) 

r^-E  (1  +  «  cos2i.) 
m  and  n  being  constant  factors  ;  L,  the  latitude  of  the  place  ;  e,  the  eleva- 
tion in  feet  above  sea  level ;  r,  radius  of  the  earth  at  the  place  ;  g',  the 
force  of  gravity,  and  R,  the  radius  of  the  earth,  at  latitude  45^. 

Using  constants  computed  frona  Bessel's  determinations,  on  account 
•of  their  being  more  recent  and  accurate  than  those  of  La  Place,  we  have, 
r  =20888625  (1  +  0.0016742  cos  2  i)  =  20892025  feet. 

q  =  32.1695  (1  —  0.0026257  cos 2  L)i\  —    ^  ><  81  V  32.16107  ft. 
^  ^  '\         20892025/ 

v^F^^  8.02011.         Log  =  .9041802 

Log  60°=  1.7781513 


Log  60  V' 2^  =  2.6823315 

From  the  expression  given  for  the  value  of  the  coefficient,  it  will  be 
seen  that  the  sum  of  the  arithmetical  complements  of  this  logarithm,  the 
logarithm  of  the  square  root  of  the  head,  and  the  logarithm  of  the  area 
of  the  aperture,  added  to  the  logarithm  of  the  corrected  discharge,  less 
30,  gives  the  logarithm  of  the  coefficient.  In  this  manner  all  the  co- 
efficients given  in  the  tables  have  been  computed. 

In  computing  the  quantities  flowing  over  the  weir  in  the  experiments 
with  the  apertures.  Francis's  weir  formula  was  used.  There  were  no 
depths  upon  the  weir  less  than  0.28  feet,  and  but  very  few  less  than  0.5 
feet.  The  proportions  of  length  and  depth  wer(>  also  such  as  would 
bring  them  much  within  the  limits  of  tlie  proportions  indicated  in  his 
experiments.  The  conditions  as  to  the  character  of  the  weir  and  the 
approach  to  it,  were  made  as  nearly  as  possible  similar  to  those  of  the 
weir  he  describes,  so  as  to  apply  the  results  of  his  exi^eriments  to  similar 
circumstances. 

With  the  leakages,  however,  the  measurements  over  the  weir  were  of 
smaller  quantities  than  any  contemplated  in  the  use  of  Francis's  formula, 
ior  for  which  it  was  designed  by  him  to  be  used  ;  some  of  the  heights 
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ou  theweir  were  as  low  as  0.05  feet.  Below  0.09  feet  also,  the  contraction 
on  the  crest  of  the  weir  was  imperfect,  owing  to  its  thickness.  For  these 
low  heads,  therefore,  a  different  formula  became  necessary. 

A  comparison  was  made  between  Francis's  formula  and  the  results  of 
experiments  by  Poncelet  and  Lebros,  and  other  observers,  taken  with 
smaller  heads,  to  ascertain  their  differences  ;  and  for  the  purpose  of  ob- 
taining the  actual  discharge  of  the  weir  at  heads  of  from  0.05  to  0.09  feet,  a 
comparison  was  made  between  long  and  short  weirs  with  the  same  volume 
of  discharge,  the  shorter  weir  running  clear  from  the  sharp  inside  edge 
of  the  crest,  and  the  longer  weir  being  below  0. 09  feet  in  dejDth  of  water, 
so  that  the  weir  followed  the  top  surface  of  the  crest. 

The  discharge  was  in  all  cases  greater  with  the  lower  heads,  commenc- 
ing at  0. 25  feet  in  depth  on  the  weir,  and  increasing  to  6  per  cent,  more  than 
the  amount  given  by  Francis's  formula,  when  the  weir  followed  the  top 
surface  of  the  crest.  All  the  quantities  of  leakage  were  corrected  in  this 
mannei',  where  the  weir  height  was  less  than  0.25  feet.  Above  that 
height,  Francis's  formula  was  assumed  to  give  the  coi'rect  discharge. 

Description  of  Plates. 

Plate  I.       Fig.  1.  Section  of  lock,  showing  the  arrangements  for  the 
experiments. 

Fig.  2.  Plan  of  lock. 

Plate  II.     Fig.  3.  Vertical  section  through  2  feet  aperture. 

"     4.  Horizontal     "             "         "               " 

"     5.  Vertical          "             "       1  foot        " 

"     G.  Horizontal     "             "         "               " 

"     7.  Enlarged  section  of  weir. 

"     8.  Arrangement  of  plates  of  2  by  2  feet  aperture. 

"     9.  "                        "          2  by  1  foot 

"  10.  "                        "          2feetby6in 

"  11.  Plate  with  2  feet  round  aperture. 

"  12.  "       "     1  foot  square        " 

"  13.  "       "     1     "    round         " 

"  14.  "       "     6  inches  "            " 

"  15.  Curved  approach  to  1  foot  square  aperture. 

"  16.  Hook  gauge  used  at  weir. 
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Experiment   No.   1. 


Time. 

Weir 

gauge. 

Gauge  No.  1. 
Centre  of 
aperture. 

S:ze  of  aperture,  2 
vertical. 

feet  horizontal  by  1.99975  feet 

*{ 

H.    M. 

9    4 
5 

6 
7 
8 
9 

11 
12 
13 

.615 
.613 
.610 
.610 

.607 
.610 
.608 
.609 
.605 

.853 
.849 

.844 
.844 

.841 
.839 
.836 
.831 
.830 

Centre  of  aperture  above  weir,  1.90  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.16  feet  per  second. 
Head  due  to  velocity,  0.0004  feet. 
Temperature  of  water,  73°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.05  feet. 

Leakage,  C0bio  Feet  per  Minute. 

1 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

Mean 

8.28 
8.26 

—  .70 

—  .70 

7.58 
7.56 

c 

a 

14 

.605 

.829 

I).... 

8.29 

—  .70 

7.59 

a 

f      15 
I     IT 

.607 
.607 
.607 

.830 
.828 
.829 

c 

s.n 

—  .70 

7.56 

Discharge 
cu.  ft.  per 
minute. 

Correct'n 
for  diff. 
of  level. 

Corrected  Cori'ected 
discharge.!   ^-- _ 

Head  on- 
bottom  ot 
aperture. 

Mean 

.6087 
.6070 

.8372 
.8290 

937.30 

—.43 

936.87            .6085 
933.41     j*     .6070 

1.8372 

a 

1.8290 

!>.... 

.6100 

.8440 

940.28            .6100 

1.8440 

c 

.6072 

.8326 

933 

87     ;        .6072 

1.8326 

Experiment  No.  2. 


9  36 

2.055 

Size  of  aperture,  2  feet  horizontal  byl.99:i75  feet 
vertical. 

37 

903 

2.051 

Centre  of  aperture  above  weir,  1.90  feet. 

38 

903 

2.057 

Length  of  measuring  weir,  10  feet. 

39 

903 

Velocity  of  approach,  0.28  feet  per  second. 

Head  due  to  velocity,  0.0012  feet. 

40 

902 

2.056 

Temperature  of  water,  73°  Fahr. 

41 

901 

2.065 

Height  of  water  on  weir  for  leakage,  0.06  feet. 

42 

901 

2.068 

43 

908 

2.069 

44     1 

910 

2.062 

45     1 

908 

2.0E9 

46 

904 

2.063 

47 

906 

2.064 

48 

904 

2.073 

•iO 
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—(Continue  J.) 

Time. 

Weir 
gauge. 

GaugeNo.l. 
Ceutre  of 
aperture. 

H.  M. 

9  49 

.906 
.904 
.904 
.909 
.910 
.908 
.909 
.907 

2.079 
■2.<.78 
2.072 
2.075 
2.071 
2.072 
2.069      1 

Leakage,  Cubic  Feet  pee  Minute. 

51 

:    Observed 
leakage. 

Correction          rr„„<. 

53 
54 

55 
56 

Meau 

11.00 
11.00 

a 

a 

—  .95                10.05 

Discharge 
cu.  ft.  per 
minute. 

^^nr^rifff'' Corrected 

Corrected 
weir 
height. 

Head  on 
centre  of 
aperture. 

Mean 

a.... 

.9055 
.9090 

2.0663 
2.0718 

1690.40 

.25  !     1690.65 
1700.10 

.9056 
.9090 

2.0663 
2.0718 

Experiment    No.    3. 


•  r 

.-a  '■ 

10  24 
25 
26 

27 
28 
29 

1.023 
1.021 
1.017 

i.oir 

.  1.018 
1.017 

3.019 
3.031 
3.038 
3.036 
3.040 
3.034 

Size  of  aperture,  2  feet  horizontal  by  1.99975  feet 

vertical. 
Centre  of  aperture  ab-ive  weir,  1.90  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.33  feet  per  second. 
Head  due  to  velocity,  0.0017  feet. 
Temperature  of  water,  74=  Fahr. 
Height  of  water  on  weir  for  leakage,  0.06  feet. 

30 

1.020 

3.043 

31 

1.022 

3.050 

32 

1.017 

3.052 

•  c  ■ 

33 
34 

1.021 

3.049 

Leakage,  Cubic  Feet  per  Minute. 

35 
36 
37 
38 

1.018 
1.020 
1.020 
1.019 

3.050 
3.054 
3.063 
3.061 

I 
f 

Observed 
1      leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

1 

Mean 

12.27 

-.88 

11.39 

'»>■! 

39 

1.018 

3.059 

a.... 

12.25 

-.88 

11.37 

40 

1        1.025 

3.061 

b.... 

12.29 

—  .88 

11.41 

\ 

41 

1.020 

3.058 

c  .... 

12.27 

-.88 

11.39 

Experiment    Xo.    :>. — {Conti uttcd'.} 


Time. 

Weir 
gauge. 

Gauge  N  0.1 
Centre  of 
aperture. 

Discharge 

[  cu.  ft.  per 

!uinute. 

2015.08 

Correct'n 
for  diff. 
pf  level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  ott 
centre  of 
aperture. 

Mean 

1.0196 

3.04G9 

-.13 

2014.95 

1.0196 

3.0469 

a. 

1.0172 

3.0370 

2008.22 

1.0172 

3.0370 

b.... 

1.0204 

3.0604 

1 

2017.41 

1.0204 

3.0604 

c 

1.0196 

3.0510 

2015.08 

—.30 

2014.78 

1.0193 

3.0510 

Experiment  No.  4. 


H.  M. 

•   11     6 

7 

1.074 
1.081 

1        3.533 
1         3.546 

Size  of  aperture,  2  feet  horizontal  by  1.99975  feet 

vertical. 
Centre  of  aperture  above  weir,  1.90  feet. 

b  ^ 

8 
9 

1.080 
1.073 

\        3.537 
3.542 

Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.36  feet  per  second. 
Head  due  to  velocity,  0.0020  feet. 

10 
11 

12 

1.079 
1.075 
1.079 

3.541 
3..'>36 
3.536       ! 

Temperature  of  water,  74°  Fahr. 

Height  of  water  on  weir  for  leakage,  0.06  feet. 

13 
14 
15 
16 

1.085 
1.086 
1.081 
1.084 

1 
3.532 

3.537 

3.541 

3.540 

Leakage,  Cubic  Feet  per  Minute. 

Observed 
leakage. 

Correction 

for  diff.  01 

weir. 

True 
leakage. 

Mean 

12.80 

—.91 

11.89 

a  - 

17 

1.085 

3.542 

a.... 

12.80 

—.91 

11.89 

18 

1.090 

3.540       I 

b.... 

12.80 

—.91 

11.89 

19 
20 
21 

1.088 
1.085 
1.085 

3.545 

3.548      ^ 
3.550 

Discharge 
cu.  ft.  per 
minute. 

Correct'n 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 
height. 

Head  on 
centre  of 
aperture. 

Mean 

1.0819 

3.5408 

2199.76 

.55 

2200.31 

1.0821 

3.5408 

a,.... 

1.0855 

3.5436 

2210.58 

-.11 

2210.47 

1.0855 

3.5436 

b.... 

1.0782 

3.5379 

2188.66 

1.21 

2189 

.87 

1.0786 

3.5379 

Experiment    No.    5. 


8    9 

.283 

.079 

Size  of  aperture,  2  feet  horizontal  by  1  foot  vertical. 

10 

.284 

.079 

Centre  of  aperture  above  weir,  2.40  feet. 
Length  of  measuring  weir,  0  feet. 

11 

.285 

.080 

Velocity  of  approach,  0.03  feet  per  second. 

12 

.285 

.0805 

Head  due  to  velocity,  0.0000  feet. 
Temperature  of  water,  75°  Fahr. 

13 

.285 

.080 

Height  of  water  on  weir  for  leakage,  0.05  feet. 

14 

.285 

.0795 

Aperture  not  filled. 

ExPERiMKNT    No.    5. — [Continited.) 


1 

Gauge  No.l. 
Centre  of 
aperture. 

H.  M. 

.281 
.285 
.285 
.285 
.285 
.285 

.0795 
.0795 
.079 
.079 
.0785 
.078 

16 

17 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

18 

Mean 

3.98 

-.16 

3.82 

19 
20 

Discharge  Correct'n 
cu.ft.  per     for  diff. 
minute,      of  level. 

Corrected 
discharge. 

Corrected     Head  on 

weir       bottom  of 

height.    1  aperture. 

Mean 

.2847       1         .0793 

180  38 

.14 

180.52 

.2849     1       .5793 

Experiment   Jfo.    6. 


8  31 
32 
33 
34 
35 
30 

.377 
.3775 
.378 
.378 
.378 
.378 
.378 
.377 
.378 
.378 
.378 

.283 
.285 
.2854 
.2855 
.2852 
.285 
.285 
.2849 
.2849 
.285 
.285 
.285 

Size  of  aperture,  2  feet  horizontal  by  1  foot  vertical. 

Centre  of  aperture  above  weir,  2.40  feet. 

Length  of  measuring  weir,  6  feet. 

Velocity  of  approach,  0.05  feet  per  second. 

Head  due  to  velocity,  0.0000  feet. 

Temperature  of  water,  75='  Fahr. 

Height  of  water  on  weir  for  leakage,  0.05  feet. 

Aperture  not  filled. 

37 

39 
40 

1 

Leakage,  Cubic  Feet  per  Minute. 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

Mean 

4.20 

—  .23 

3.97 

42 

Discharge 
cu.  It.  per 
minute. 

Correct'n 
for  diff. 
of  level. 

Corrected  ^""^^ 
discharge.|    Jj|-_ 

Head  on 
bottom  of 
aperture. 

Mean 

.3777 

.2849 

274.77 

.08 

274.85     1       .3778 

.7849 

1 

Experiment   No.    1. 


8  52 

.480 

.507        [ 

Size  of  aperture,  2  feet  horizontal  by  1  foot  vertical. 

53 

.4805 

.« 

Centre  of  aperture  above  weir,  2.40  feet. 
Length  of  measuring  weir,  6  feet. 

54 

.480 

.5075       : 

Velocity  of  approach,  0.07  feet  per  second. 

55 

.480 

.5085 

Head  due  to  velocity,  O.OrOl  feet. 

Temperature  of  water,  75'  Fahr. 

56 

.480 

.5083 

Height  of  water  on  weir  for  leakage,  0.05  feet. 

57 

.480 

.5070 

Aperture  not  filled. 

58 

.480 

.5085 

59 

.480 

.5090 

Experiment   No  1. — {Continued.) 


Time. 

Weir 
gauge. 

Gauge  No.  1. 
Centre  of 
aperture. 

Leakage,  Cubic  Feet  per  Minute. 

Obeerved 
Leakage. 

Correction  |       „,.„. 
'"^;l^i>.°'       lelkage. 

H.  M. 

9     0 

.480 
.480 
.480 

..5065 
..5085 
.5090 

1 

1 

4.46 

2 

[ 

Discharge!  Correct'n 
cu.  ft.  per     for  diff. 
miuute.      of  level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  on 
bottom  of 
aperture. 

Mean 

.4800 

.5079 

392.29 

392  '>'* 

.4800 

1  0079 

EXPERIMEXT     'No. 


9  35 

36 

37 

38 

f         39 

.758 
.7.58 
.758 
.759 
.761 

1.773 
1.779 
1.783 
1.786 
1.789 

Size  of  aperture,  2  feet  horizontal  by  1  foot  vertical. 

Centre  of  aperture  above  weir,  2.40  feet. 

Length  of  measuring  weir,  6  feet. 

Velocity  of  ai  proach,  0.13  feet  per  second. 

Head  due  to  velocity,  0.0003  feet. 

Temperature  of  water,  76=  Fahr. 

Height  of  water  on  weir  for  leakage,  0.06  feet. 

40 

.761 

1.792 

Ij 

41 

.7605 

1.796 

42 

.760 

1.800 

I         43 

.7615 

1.804 

44 

.762 

1.807 

r     45 

.763 

1.809 

46 

.763 

1.811 

«  ■ 

47 

.763 

1.811 

48 

.764 

1.813 

L         49 

.763 

1.815 

50 

.765 

1.816 

f     " 

.764 

.764 
.764 
.765 
.765 

.765 

1.818 
1.820 
1.822 
1.824 
1.827 
1.828 

-1  : 

Lkakaoe,  Cubic  Feet  per  Minute. 

■         54 
55 
56 

Observed 
leakage . 

Correction 

lor  diff.  of 

weir. 

True 
leakage. 

Mean 

5.65 

—  .35 

5.30 

u  - 

57 

.765 

1.829 

a.... 

5.66 

—.35 

5.31 

58 

.765 

1.831 

l>.... 

5.63 

—  .35 

5.28 

59 

.766 

1.833 

c 

5.65 

-.35 

5.30 

10     0 

.766 

1.835 

d.... 

5.65 

—.35 

5  30 

53 


Exi'KuiMKNT   No.  8. — {Contiuiu'd.) 


Time. 

^•eir 
gauge. 

GaugeNo.l. 
Centre  of 
aperture. 

Discharge 
cu.  ft.  per 
minute. 

Correct'n 
for  (liff. 
of  level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  on 
centre  of 
aperture. 

Mean 

.7627 

1.8096 

778.20 

.25 

778.45 

.7629 

1.8096 

a 

.7653 

1.8296 

:     782.12 

.11 

782.23 

.7654 

1.8296 

b.... 

.7608 

1.7962 

775.35 

.08 

775.43 

,   .7609 

1.7962 

c  .... 

.7632  ' 

1.8118 

778.95 

778.95 

.7632 

1.8118 

d.... 

.7640 

1.8200 

i     780.16 

1 

780.16 

.7640 

1.8200 

Experiment    No.   9. 


« ■ 

H.  M. 

10  23 

r         24 

25 

,s 

27 

•     .907 
.908 
.908 

.9085 
.909 

2.999 
3.006 
3.010 
3.015 
3.019 

Size  of  aperture,  2  feot  horizontal  by  1  foot  vertical. 

Centre  of  aperture  above  weir,  2.40  feet. 

Length  of  measuring  weir,  6  feet. 

Velocity  of  approach,  0.17  feot  per  second. 

Head  due  to  velocity.  0.0004  feet. 

Temperature  of  water,  76^  lahr. 

Height  of  water  on  weir  for  leakage,  0.06  feet. 

28 

.908 

3.022       : 

29 

.910 

3.026 

30 
31 

.909 
.908 
.911 
.911 

3.0.30 
3.035 
3.037 
3.040 

Leakage,  Cubic  Feet  per  Minute. 

1.  -1          33 

^H^S^? 

True 
leakage. 

I          34 

.911 
.912 

3.044 
3.048 

6.30        1         —.39 

5.91 

JO 

36 

.911 

3.050 

a 

6.31         j         —.39 

5.92 

37 

.912 

3.0.51 

b  . . . . 

C.30        !         —.30 

5.91 

38 
39 
40 

.912 
.912 
.912 

3.051 
3.053 
3.054 

C 

0.,,         i         -.,» 

5.90 

Discharge 
cu.  It.  per 
minute. 

Correct'n 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 

weir 

height. 

Head  on 
centre  of 
aperture. 

Mean 

.9100 

3.0328 

1009.09 

.22 

1009.31 

.9101 

3.0328 

a 

.9118 

3.0512 

1012.02 

1012.02 

.9118 

3.0512 

b.... 

.9110 

3.0403 

1010.72 

1010.72 

.9110 

3.0403 

c  .... 

.9086 

3.0204 

1006.81 

1006.81 

.908 

' 

3.0204 

54: 


Experiment  No.   10  A. 


Time. 

Weir 
gauge. 

Gauge  No.  1. 
Centre  of 
aperture . 

Size  of 
Ceutre 
Length 

ipertui-e  2  feet  horizontal  by  1  foot  vertical. 
3f  aperture  above  weir,  2.40  feet, 
of  measuring  weir,  6  feet. 

H.  M. 

11     5 

1.050 

Velocity  of  approach,  0.20  feet  per  second. 

Head  duo  to  velocity,  0.0006  feet. 

6 

1.050 

4.635 

Temperature  of  water,  76'  Fahr. 

7 

1.051 

4.640 

Height  of  water  on  wier  for  leakage,  0.07  feet.. 

(       8 

1.0515 

i         4.645 

1        0 

1.052 

4.648 

10 

1      n 

1.052 
1.052 

4.653 
4.056 

1      12 

1      .3 

14 

1.052 

4.660 

1.053 
1.054 
1.055 
1.055 

4.667 
4.671 
4.672 

Leakage,  Cubic  Feet  peb  Minute. 

15 
16 
17 

Observed 

leakage. 

Correction 
for  difif. 
of  weir. 

True 
leakage. 

18 

1.054 

4.674 

Mean 

7.78 

—  .39 

7.39 

a^ 

19 

1.053 

4.676 

a 

7.80 

-.39 

7.41 

20 
21 
22 

1.053 
1.052 
1.054 

4.679 
4.681 
4.685 

b  .... 

7.70 

-.39 

7.37 

Discharge 
cu.  ft.  per 
minute. 

Correcfn 
lor  diff. 
of  level 

Corrected 
discharge 

Correcte 
weir 

height. 

i    Head  on 
centre  of 
apertuie. 

Mean 

4.6014 
4.6764 

1249.18 
1251.10 

.19 

1249.37 
1251.10 

1.0.527 
1.0537 

4.6614 
4.6704 

a 

1.0537 

b 

1.0520 

4.6540 

1248.14 

.13 

1248.27 

1.0521 

4.6540 

EXPEIUMEXT   No.    10    B. 

fll  27 

1        28 

1        20 

']       30 

.740 
.740 
.740 
.739 
.740 
.740 

4.687 
4.688 
4.689 
4.688 
4.689 
4.693 

Size  of  aperture  2  feet  horizontal  by  I  foot  vertical. 

Ceutre  of  aperture  above  wier,  2.4U  feet. 

Length  of  measuring  h  eir,  10  feet. 

Velocity  of  approach,  0.22  feet  per  second. 

Head  due  to  velocit.v,  0.(l()(i8  feel. 

Temperature  of  water,  76"  t'ahr. 

Height  of  water  on  weir  for  leakage,  0.07  feet. 

31 

Leakage,  Cubic  Feet  per  Minute. 

t       32 

Observed 
leakage. 

Correction 

for  dlflf.  of 

weir. 

True 
leakage. 

c 

7.81 

—  .26 

7.55 

Discharge 
cu.  ft.  pel 
minute. 

Correcfn 

f.  r  diff.  of 

level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  on 
centre  of 
aperture. 

c 

.7398 

4.6890 

1252.54 

1252.54 

.7398 

4.6890 

Experiment  No.   11. 


Time. 

Weil- 
gauge. 

Gauge  No.  2. 
B..ttom  of 
aperture. 

Size  of  aperture  2  feet  horizontal  by  1  foot  vertical. 
Centre  of  aperture  above  weir,  2.40  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.23  feet  per  second, 
i     Head  due  to  velocity,  0.0008  leet. 
Temperature  of  water,  76'^  Fahr. 
Height  of  water  on  weir  for  leakage,  0.08  feet. 

H.  M. 

11  47 

f       48 

40 

.784 
.785 

6.100 
6.110 

d 

5C 
51 

.785 
.787 

6.125 
6.130 

52 

.785 

6.140 

L       53 

.786 

6.145 

1 

f       54 

.787 
.787 

6.155 
6.160 

1 

!        55 

1 

Le.\kage,  Cubic  Feet  per  Mindte. 

56 

.787 
.787 
.787 
.787 
.788 

6.170 
6.175 
6.180 
6.190 
6.195 

1 

57 
58 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

I       5= 

Mean 

9.65 
9.70 

-.23 
—  .23 

9.42 

fl2    0 

a.... 

9.47 

«  -j          1 

.790 

6.200 

!           »» 

9.65 

-.23 

9.42 

2 

.789 

6.205 

1 

9.69 

-.23 

9.46 

3 

.790 
.790 
.790 

C.210 
6.210 
6.210 

d.... 

9.60 

—  .23 

9.37 

1  : 

Discharge 
cu.  ft.  per 
minute. 

Correct'n 
for  diflf. 
of  level. 

Corrected  ^Corrected 
discharge      ^^^^^^ 

Head  on 
centre  of 
aperture. 

Mean. 

.7873 
.7900 

6.1667 
6.21(10 

1373.77 
1380.76 

.27 

a 

1380.76 

.7900 

5.7100 

!».... 

.7870 

6.1717 

1372.99 

1372.99 

.7870 

5.6717 

c 

.7890 

6.2000 

1378.17 

.25 

1378.42 

.7891 

5.7000 

d.... 

.7853 

6.1250 

1363.69 

.25 

1368.94 

.7854 

5.6250 

Experiment  No.  12. 


842 

7.370        1 

843 

7.365 

.843 

7.370 

.841 

7.370 

.840 

7.370 

.841 

7.370 

.838 

7.370 

.840 

7.370 

Size  of  aperture,  2  feet  horizontal  by  1  foot  vertical. 

Centre  of  aperture  above  weir,  2.40  feet. 

Length  of  measuring  weir,  10  feet. 

Velocity  of  approach,  0.26  feet  per  second. 

Head  due  to  velocity.  O.flOll  feet. 

Temperature  of  water,  76"  Fahr. 

Height  of  water  on  weir  for  leakage,  0.08  feet. 


56 


Experiment  No.   12. — {ContinncJ.) 


Time. 

Weir 
gauge. 

Gauge  No.  2. 
Bottom  of 
aperture. 

Leakage,  Cubic  Feet  per  Minute. 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

H.  M. 

1  28 

.8i2 
.842 
.842 
.841 

7.365 
7.365 
7.365 
7.360 

True 
leakage. 

29 

"    s. 

31 

11.15 
11.15 

—  .27 

—  .27 

a, 

10.88 

'Discharge 
cu.  ft.  per 
minute. 

Correct'n 
lor  djff. 
of  level. 

Corrected 
discharge 

Corrected 

weir 

height. 

Head  on 
centre  of 
aperture. 

.8412            7.;v,7.T 

1515.56 
1517.70 

a 

.8420 

7.3650 

1517.70 

.8420 

6.8650 

Experiment  No.  13. 


1  52 
53 
54 
55 
56 
57 
58 
59 

2  0 
1 
2 


.875 
.874 
.874 
.873 
.874 
.874 
.873 


.170 

.175 


8.187 
8.190 
8.192 
8.194 
8.190 
8.193 
8.194 


8.1864 


Size  of  aperture,  2  feet  horizontal  by  1  foot  verticals 

Centre  of  aperture  above  ueir,  2.40  feet. 

Lent^tb  of  measuring  weir,  10  feet. 

Velocity  of  approach,  0.27  feet  per  second. 

Head  due  to  velocity,  0.0011  feet. 

Temperature  of  water,  76'^  Fahr. 

Height  of  water  on  weir  for  leakage,  0.09  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


Correction 

fordiff.  of 

weir. 


True 
leakage. 


Discharge  Correct'n 
cu.  ft.  per  for  diff. 
minute.      of  level. 


Corrected 
discharge 


Corrected 
weir 
height. 


Experiment  No.  14. 


2  14 

.905 

8.950 

15 

.904 

8.956 

16 

.904 

8.960 

17 

.905 

8.970 

18 

.905 

8.975 

19 

.904 

8.980 

20 

.907 

8.985 

21 

.905 

8.990 

22 

.905 

8.995 

23 

.905 

9.0CO 

Size  of  aperture,  2  feet  horizontal  by  1  foot  vertical. 

Centre  of  af)erture  above  weir,  2.40  feet. 

Length  of  measuring  weir,  10  feet. 

Velocity  of  approach,  0.28  feet  per  second. 

Head  due  to  velocity,  0.0012  feet. 

Temperature  of  water,  76°  Fahr. 

Height  of  water  on  weir  for  leakage,  O.09  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Correction 

for  dilf.  of 

weir. 


True 
leakage. 


Experiment  No.  14 — {Continued). 


Weir 
gauge. 


Gauge  No.2.  DiscliHrgej  Correct'n 

Ijottom  of    cu.  it.  per     ' 

aperture.      minute. 


8.9761         1683.74 


discharge. 


Corrected 
weir 
height. 


Head  on 
centre  of 
aperture. 


90i9         8.4761 


Experiment  No.  15. 


H.  M. 

2  40 

.945 

10.130 

41 

.943 

10.135 

42 

.946 

10.140 

43 

.946 

10.140 

44 

.948 

10.145 

45 

.946 

10.150 

f     46 

.947 

10.150 

47 

.949 

10.155 

a   ^ 

48 

.945 

10.155 

49 

.948 

10.155 

I.     50 

.947 

10.155 

Size  of  aperture,  2  feet  horizontal  by  1  foot  verticai. 

Centre  of  aperture  above  weir,  2.40  feet. 

Lengtli  of  measuring  weir,  10  feet. 

Velocity  of  approach,  0.30  feet  per  second. 

Head  due  to  velocity,  0.0014  feet. 

Temperature  of  water,  76*^  Fahr. 

Height  of  water  on  weir  for  leakage,  0.10  feet. 


Leakage,  Cubic  Feet  per  Minute. 


leakage. 


leakage. 


15.49  —.25 

15.49  —.25 


15.24 
15.24 


Discharge!  Correct'n  I  rc„„„o„t^^ !  Correctedl   Head  on 
cu._ft.  peri    for  d>flf.    :<^-^^.t^,d|     ,weir      ',  centre  of 


cu.  ft.  peri    for 
minute.  !  of  level. 


height,     aperture. 


.9465 
.9472 

10.1464 
10.1540 

1804.99 
1806.97 

.15 

1805.14 
1806.97 

.9466 
.9472 

9.6464, 

a. 

9.654» 

Experiment  No.  16. 


3    2 
3 
4 
5 

1.005 
1.003 
1.004 
1.001 
1.005 
1.008 
1.007 
1.007 
1.006 
1.005 

11.805 
11.810 
11.815 
11.820 
11.815 
11.815 
11.815 
11.815 
11.815 
11.815 

Size  of  aperture.  2  feet  horizontal  by  1  foot  vertical. 

Centre  of  aperture  above  weir,2.40  feet. 

Lensth  of  measuring  weir,  10  teet. 

Velocity  of  ai)proach,  0.33  feet  per  second. 

Head  due  to  velocity,  0.0017  feet. 

Temteratuie  of  water,  76"  Fahr. 

Height  of  water  on  weir  for  leakage.  0.12  feet. 

6 
7 
8 
9 
10 

.     11 

Leakage,   Cubic  Feet  per  Minute. 

a 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

20.45 
20.45 

—  .25 

20.20 

—  .25       1        20.20 

Discharge 

cu.  ft.  per 

minute. 

1972.83 
1976.31 

Correct'n 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 
height. 

Head  on 
centre  of 
aperture. 

Mean 

1.0051       1       11.8140 

1972.83 

1.0051 

11.3140 

a 

1.0063 

11.8150 

197 

6.31 

1.006 

J 

11.31.50 

58 


EXPERIMEXT    No.    lY. 


5  0 
1 
2 


f      4 
5 


»»■! 


I       I     7 


Weir 
gauge. 


.510 
.510 
.509 
.510 
.510 
.509 
.510 


Gauge  No.l, 
I  Centre  of 
I    aperture. 

1.425 
1.426 
1.424 
1.424 
1.424 
1.423 
1.423 
1.423 
1.423 


1.4239 
1.4220 
.5092       !       1.4230 


Size  of  aperture,  2  feetliorizontalby  0.5  feet  vertical. 

Centre  of  aperture  above  weir,  2.15  feet. 

Length  of  measuring  weir,  5  feet. 

Velocity  of  approach,  0.06  feet  per  second. 

Head  due  to  velocity,  0.0001  feet. 

Temperature  of  water,  76*^  Fahr. 

Height  of  water  on  weir  for  leakage,  0.05. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


5.19 
5.19 
5.19 


Correction 

lor  diff.  of 

weir. 


—  .26 

—  .26 


True 
leakage. 


Discharge 

cu.  ft.  per 

second. 


356.01 
355.81 
355.60 


Correct'n 
for  diflf. 
of  level. 


Corrected 
discharge. 


355.81 
355.60 


Corrected 
weir 
height. 


.5095 
.5094 
.5092 


Head  on 
centre  of 
aperture. 

1.4239 
1.4220 
1.4230 


Experiment  No.   18. 


»»^ 


f  5  34 

.640 

35 

.643 

36 

.643 

37 

.645 

38 

.646 

39 

.646 

40 

.646 

41 

.647 

42 

.649 

I    « 

.C48 

r     44 

.649 

45 

.649 

46 

.049 

47 

.649 

48 

.649 

49 

.649 

50 

.649 

51 

.650 

2.850 
2.861 
2.871 
2.880 
2.888 
2.897 
2.902 
2.907 
2.912 

2.923 
2.928 
2.932 

2.937 
2.939 
2.940 


Size  of  aperture,  2  feet  horizontal  by  0.5  feet  vertical. 

Centre  of  aperture  above  weir,  2.15  feet. 

Length  of  measuring  weir,  5  feet. 

Velocity  of  approach,  0.09  feet  per  second. 

Head  due  to  velocity,  0.0001  feet. 

Temperature  of  water,  76°  Fahr. 

Height  of  water  on  weir  for  leakage,  0.06  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


Correction 

lor  difif.  of 

weir. 

—  .29 
—.29 


True 
leakage. 


ExPERiMK.vT    Xo.    IS. — {Continued.) 


i       „,  .            GanseNo.l.   Disiharse 

Time.              „^"^        .    Centre  ot       cu.ft.per 

gauge.      ,   aper.ure.    [    luinute. 

Correit'n 
lor  (lifif. 
of  level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  on 
centre  of 
aperture. 

a....!         .6490               2.9303 
b....|         .6453               2.8806 

508.75 
504.48 

.76 

508.75 
505.24 

.6490 
.6460 

2.9303 
2. 8806 

Experiment  No.   19. 


B.   M. 

6    18 

.762 

19 

.762 

20 

.762 

m 

.7615 

22 

.762 

23 

.763 

24 

.762 

25 

.763 

26 

.764 

27 

.762 

4.742 
4.744 
4.745 
4.746 
4.747 
4.748 
4.748 
4.747 
4.747 
4.746 


Size  of  aperture.  2  feet  horizontal  by  0.5  feet  vertical. 

Centre  of  aperture  above  weir,  2.15  feet. 

Length  of  measuring  weir,  5  feet. 

Velocity  of  approach,  0.11  feet  per  second. 

Head  due  to  velocity,  0.0002  feet. 

Temperature  of  water,  76°  i'ahr. 

Height  of  water  on  weir  for  leakage,  0.07  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 

Correction 

fordiff.of 

weir. 

True 
leakage. 

Mean 

7.60 

-.29 

7.31 

Discharge,  Corred'n 
cu.ft.  per'    fordiff 
minute,      of  level. 

corrected  |Co--ted 
discharge.     ^^^^^ 

Head  on 
centre  of 
aperture. 

! 

i     644.62 

644 

62 

.762: 

4.7460 

Experiment  No.  20. 


Time.              ; 

SVeir 
luge. 

Gauge  No.2 
bottom  of 
aperture. 

7  45 

840 

6.540 

46 

840 

6.. 552       i 

f        47 

842 

6. .563 

«^         48 

842 

6.573      1 

49 

842 

6.582       ! 

50 

844 

6. .591       ! 

51 

843 

6.600 

52 
53 

842 
843 

6.608 

6. 014       1 

i         54     1 

843 

6.620       i 

Size  of  aperture.  2  feet  horizontal  by  0.5  feet  vertical. 

Centre  of  aperture  above  weir,  2.15  feet. 

Length  of  measuring  weir,  5  feet. 

Velocity  of  approach,  0.13  feet  per  second. 

Head  due  to  velocity.  0.0003  feet. 

Temperature  of  water,  76°  Fahr. 

Height  of  water  on  weir  for  leakage,  0.08  feet. 


GO 


Experiment  Ko.   20. — {Contlnnecl.) 


Time. 

Weir 
gauge. 

Gauge  No.  2. 
Bottom  of 
apeitui-e, 

Leakage,  Cubic  Feet  per  Minute. 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

H.  M. 

7  55 
56 

.845 
.844 

6.625 
6.629 

True 
leakage. 

57 

.815 

6.633 

a. 

10.18 

-.27 

9.91 

a 

58 

.846 

6.637 

b  .... 

10.16 

—  .27 

9.89 

59 
8    0 

.846 
.845 
.846 

6.641 
6.644 
6.646 

c 

9.82 

-.27 

9.82 

Discharge)  Correct'n 
cu.  ft.  per     for  diff. 
minute,      of  level. 

Corrected  C°"^'l*"^ 
discharge.     J^-^ 

Head  on 
centre  of 
aperture. 

.8452 

6.6348 

a 

749.00 

749.00           .8452 

6.3848 

b.... 

.8427 

6.6105 

746.83 

746.83            .8427 

6.3605 

c 

.8420 

6.5727 

745.85 

745.85            .8420 

6.3227 

Experiment  X< 


8  28 
29 
30 
31 
32 
33 
34 
35 


.931 
.933 
.931 
.932 
.931 
.932 
.933 
.932 
.932 
.932 
.933 
.934 


8.755 
8.765 
8.762 
8.778 
8.785 
8.790 
8.795 


Size  of  aperture,  2  feet  horizontal  by  0.5  feet  verticaU 

Centre  of  aperture  above  weir,  2.15  feet. 

Length  of  measuring  weir,  .^  feet. 

Velocity  of  approach,  0.14  feet  per  second. 

Head  due  to  velocity,  0.0003  feet. 

Temperature  of  water,  76^  Fahr. 

Height  of  water  on  weir  for  leakage,  0.09  feet. 


Leakage,  Cubic  Feet  per  Minute. 


leakage. 


Correction 
lor  diff.  of 


leakage. 


12.91 
12.91 


Discharge  Correcfn  '  ^„„„x„-.  Corrected     Headon 
8.820        :  en.  ft.  per     for  diff.    ifliseWee  i      ^""^       '   centre  of 
minute,     of  level.   ;aiscnarge.    jj^,;  j^t.      aperture. 


.9323      I         8.7895 
.9320  8.7947 


865.75 
865.34 


865.87 
865.34 


.9324 
.9320 


8.5395 
8.5447 


61 


EXPERIMKNT    No.     22    A. 


Time. 

Weir 
gauge. 

Gauge  No.  2. 
Bottom  ot 
aperture. 

Size  of  aperture, 
vertical. 

2  feet    horizontal   by.  0.5    feet 

H.  M. 

»  56 

57 

58 

59 

f9    0 

I       8 

.968 
.969 
.971 
.970 
.972 
.971 
.973 
.972 
.972 
.973 
.9715 
.972 
.973 

9.810 
9.830 
9.840 
9.855 
9.868 
9.880 
9.888 
9.898 
9.905 
9.910 
9.915 
9.920 
9.923 

Length  of  measuring  weir,  5  feet. 

Velocity  of  approach,  0.15  feet  per  second. 

Head  due  to  velocity,  0.0003  feet. 

Temperature  of  watfer,  76-  Fahr. 

Height  of  water  on  weir  for  leakage,  0.10  feet. 

Leakage,  Cubic  Feet  per  Minute. 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

Mean 

15.00 
15.04 

—.25 
—  .25 

14.75 

a 

14.79 

Discharge 
eu.  ft.  per 
minute. 

Correct'n 
for   diflf. 
of  level. 

Corrected 
discharge. 

Corrected 
height. 

Head  on 
centre  of 
aperture. 

Mean 

a 

.97U 
.9721 

9.8802 

919.28 
920.24 

.30 

919.58 
920.24 

.9716 
.9721 

9.6302 
9.6480 

Experiment  No.  22  B. 


9  28 

1.036 

11.775 

29 

1.036 

11.785 

30 

1.036 

11.795 

31 

1.036 

11.800 

32 

1.036 

11.805 

33 

1.035 

11.810 

34 

1.035 

11.812 

35 

1.0.36 

11.814 

36 

1.037 

11.816 

37 

1.035 

11.818 

38 

1.035 

11.820 

39 

1.036 

11.820 

Mean 1.0358 


Size    of    aperture,   2  feet    horizontal  by    0.5    feet 

vertical. 
Centre  of  aperture  above  weir,  2.15  feet. 
Leugth  of  measuring  weir,  5  feet. 
Velocity  of  approach,  0.17  feet  jjer  second. 
Head  due  to  velocity,  0.0004  feet. 
Temperature  of  water,  76''  Fahr. 
Height  of  water  on  weir  for  leakage,  0.12  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


Correction 

for  diff.  of 

weir. 


True 
leakage. 


Discharge  Correct'n  I, 
for  diff. 
of  level. 


discharge. 


Corrected 

Weir 

he;ght. 


Head  on 
centre  of 
aperture. 
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Experiment  No.  2'i  C. 


^  . .        |GatigeNo.2. 
Ti'^e.              g^f "^         liottom  of 
e''"^''-      1    aperture. 

Size    of   aperture,  2  feet   liorizoutal  by 
1        vertical. 

Centre  of  aperture  above  weir,  2.15  feet. 
1     Length  of  measuring  weir.  10  feet. 

0.5   feet 

H.  M. 

9  43 

.640 
.639 
.640 
.638 
.638 

11.822 
11.822 
11.825 
11.822 
11.823 

Veloc  ity  of  approach,  0.18  feet  per  second. 
1     Head  due  to  velocity,  (1.0005  feet. 
1     Temperature  of  water,  76'-"  Falir 
1     Height  of  water  on  weir  for  lealiage,  0.12  feet. 

45 

Leakage,  Cdbio  Feet  per  Minute. 

46 

4=7 

Observed 
leakage. 

Correction 

for  d  Iff.  of 

weir. 

True 
leakage. 

Mean 

20.45 

_.. 

20.33 

Discharge   Correct'n  L,„__„„i„,i 
cu.  ft.  per!  for  diff.  j^^X^ 
minute,   j  ol  level,    t^scnarge. 

Corrected 

weir 

height. 

Head  on 
centre  of 
aperture. 

Mean 

.6390 

11.8228 

1007.53                        1     1007.. 53 

.6390 

11.5728 

1 

EXPERIME.VT   No.    23   A. 


.677 

13.738 

.676 

13.745 

.676 

13.750 

.677 

13.755 

.678 

13.758 

678 

13.760 

677 

13.763 

676 

13.763 

678 

13.763 

™ 

13.761 

676 

13.761 

e,a 

13.761 

Size    of   aperture,    2  feet  horizontal  by   0.5  feet 

vertical. 
Centre  of  aperture  above  weir,  2.15  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.19  feet  per  second. 
Head  due  to  velocity,  0.0006  feet. 
Temperature  of  water,  76"  Fahr. 
Height  of  water  on  weir  for  leakage,  0.16  feet. 


Leakage,  Cubic  Feet  peb  Minute. 


Observed 
leakage. 


Correction 

for  diff.  of 

weir. 


True 
leakage. 


Discharge 
cu.  ft.  per 
minute. 


idischarge. 


Con  ected 

weir 

height. 


Head  on 
centre  of 
aperture. 


Experiment  No.  23  B. 


10  24 
25 

.704 
.704 

15.295 
15.300 

Size  of   aperture,   2    feet   horizontal  by  0.5  feet 

vertical. 
Centre  of  aperture  above  weir,  2.15  feet. 

2G 

27 

.706 

15.303 
15.305 

Length  of  measuring  weir,  10  feet. 
Velocity  of  approa-'.h,  0.20  feet  per  second. 
Head  due  to  velocity,  0.0O06  feet. 

28 

.704 

15.305 

Temperature  of  water,  76°  Fahr. 

Height  of  water  on  weir  for  leakage,  0.21  feet. 
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Experiment  Xo.  23  B.—iCoiiti/ixeJ.) 


Time. 

Weir 
gauge. 

Gauge  No.2. 
Bottom  of 
aperture. 

Leakage,  Cubic  Feet  peb  Mindte. 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

H.  M. 

10  29 

30 
31 
32 

31 

.705 
.706 
.705 
.706 
.705 
.706 

15.308 

15.310 
15.315 
15.315 

True 
leakage. 

a 

Mean 

43.83 
43.83 

—.11 
—.11 

43.72 

a 

43.72 

Discharge 
(ju.  It.  per 
miuute. 

Correet'n 
lor  diff. 
of  level. 

corrected  ^""ffi^'^ 
discharge.     ^^,„^,_ 

Head  on 
centre  of 
aperture. 

Mean 

a 

.7051       j       15.3065 
.7054      j       15.3098 

i     1166.29 
1167.02 

.15 

11G6.44  :        .7052 

1167.02  1       .7054 

1 

1.-5.0565 
15.0598 

Experiment  No.  24. 


10  42 

.739 

17.215 

Size  of  aperture,  2  feet  horizontal  by  0.5  feet  vertical. 

43 

.740 

17.215 

Ceutre  of  aperture  above  weir,  2.15  feet. 
Length  of  measuring  weir,  10  feet. 

44 

.740 

17.213 

Velocity  of  approach,  0.21  feet  per  second. 

45 

.735 

17.213 

Head  due  to  velocitj",  0.0007  feet. 

Temperature  of  water,  76°  Fahr. 

46 
47 

.736 
.737 

17.215 
17.213 

Height  of  water  on  weir  for  leakage,  0.28  feet. 

48 
49 
50 
51 
52 

.737 

.737 
.738 
.736 
.737 

17.215 
17.217 
17.217 
17.215 

17.217 

a 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

Mean 

57.30 
57.30 

—.12 

57.18 

a 

57.18 

t         53 

.736 

17.217 

Discharge  1  Correcf'n  U««,.=^*„.=i 

Corrected  '  Head  on 

cu.ft.  per 

^fle'v^e^;    '^i-^-g- 

weir       j  ceutre  of 

miuute. 

height,      aperture. 

. 

■Meai 

.7373 
.7367 

17.2152 
17.2157 

1246.26 
1244.76 

—  .23     1     1246.03 

.7372 

16.9652 

a 

1     1244 

.76 

.736 

16.9657 

Experiment  No.  25. 


Time. 

Weir 
gauge. 

GargeNo.l. 
Centre  of 
apertuie. 

Size  of  aperture,  round,  2  feet  diameter. 
Centre  of  aperture  above  weir,  1.97  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.21  feet  per  second. 
Head  due  to  velocity,  0.0007  feet. 

2    7 
8 
9 

.710 
.710 
.711 

1.757 
1.753 
1.755 

Temperature  of  water,  76=  Fahr. 

Height  of  water  on  weir  for  leakage,  0.05  feet. 

10 

.711 

1.758 

11 

.712 

1.7G5 
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ExPERiiiENT  TS"o.   25. — (Continued.) 


Time. 

Weir 
gauge. 

Gauge  No.  1. 
Centre  of 
aperture. 

H.  M.     I 

2  12              .712 
13                  719 

1.766 
1.771 
1.775 
1.775 
1.775 
1.775 
1.778 
1.777 

Leakage,  Cubic  Feet  per  Minute. 

14             .714 
r         15     !         .715 

16  .713 

1 

17  .715 

18  j         .715 

19  j         .716 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

- 

True 
leakage. 

Mean 

5.35 

—  .35 

—  .35 

.fi  on 

a. 

a 

5.01 

Discharge 
cu.ft.  per 
minute. 

Correct'n 
lordifif. 
ot  Uvel. 

Corrected 
discbarge. 

Corrected 
weir 
height. 

Head  on 
centre  of 
aperture. 

Mean 7128 

a 7148 

1.7677 
1.7760 

1185.20 
1190.18 

.38 
.19 

1185.58 
1190.37 

.7130 
.7149 

1.7677 
1.7760 

Experiment  No.  26. 


2  35 
36 
37 


.817 
.813 
.815 
.815 
.815 
.816 
.816 


43 

.817 

44 

.817 

45 

.816 

46 

.816 

47 

.816 

.8159 
.8166 


2.582 
2.584 
2.586 
2.. 587 
2.590 
2.595 
2.600 
2.604 
2.606 
2.606 
2.604 
2.601 
2 .  600 


2.5958 
2.6030 


Size  of  aperture,  round,  2  feet  diameter. 
Centre  of  aperture  above  weir,  1 .97  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.25  teet  per  second. 
Head  due  to  velocity,  0.0010  feet, 
Temperature  of  water,  76°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.06  feet. 


Leakage,  Cuuio  Feet  per  Minute. 


Observed 
leakage. 


Correction 

for  diflf.  of 

weir. 


5.78 
5.78 


True 
leakage. 


5.39 
5.39 


Discharge  Correct'n 
cu.  It.  per  j  for  diff. 
minute.  !  of  level. 


Corrected ; 
discharge.' 


height. 


1448.46 
1450.30 


.06      1     1448.52 
;     1450.30 


3    3     I         .990 

4  1         .990 

5  i         .990 


Experiment  No.  27. 


Size  of  aperture,  round,  2  feet  diumpter. 
Centre  of  aperture  above  weir,  1.97  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.32  icet  per  second. 
Head  due  to  velocity,  O.OOlO  leet. 
Temperature  of  water,  75^  Fahr. 
Height  of  water  on  weir  for  leakage,  0.07  feet. 


EXPKIUMKNT    N"< 


-{Coiifiniicd.) 


Time. 

Wpir 
gauge. 

Gauge  No.l. 
Centre  of 
aperture. 

H.  M. 

3   6 

8 
9 
10 
11 
12 
13 
14 
15 
16 

.988 
.991 
.991 

.990 
.992 
.990 
.S90 
.990 
.991 
.994     . 

4.445 

4. 403 

4.470 

4.4T7 

4.482 

4.488 

4.491 

4.495       I 

4.496 

4.502 

4.508 

• 

Leakagk,  Cubic  Feet  pek  Minute. 

a 

Observed 
leakage. 

Correction 

for  diff  of 

weir. 

True 
leakage. 

Mean 

7.15 
7.16 

—  .40 

—  .40 

6.75 
6.70 

a. 

Discliarge 
cu.ft.  per 
minute. 

Correct'n 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  on 

ceutie  of 
aperture. 

Mear 

.9904 
.9903 

4.4735          1930.29 
4.4849           1930.00 

.23 

1939.52 
1930.00 

.9905 
.9903 

4.4735 
4.4849 

a 

EXPERUIEXT    Xo.    26 


1»H 


40 
41 
42 
43 

44 
45 
46 

47     ' 
43     I 


Weir 
gauge. 


1.093 
1.090 
1.090 
1.090 
1.093 
1.090 
1.091 
1.090 
1.091 
1.095 
1.094 
1.093 
1.097 


|GaugeNo.2. 
Ceulreof 
aperture. 


5.800 
5.810 
5.815 
5.820 
5.825 
5.830 
5.835 
5.840 
5.840 
5.850 
5.855 
5.855 


Size  of  aperture,  round,  2  feet  diameter. 
Centre  of  aperture  above  weir,  1.97  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.36  feet  per  second. 
Head  due  to  velocity,  0.0020  feet. 
Temperature  of  water,  75°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.07  feet. 


,               Leakage,  Cubic  Feet  peb  Minute. 

!    Observed 
1     leakage. 

Correction  ;        „ 

Mean 9.26 

a....|        9.25 
!»....          9.30 

-.35        1            8.91 
—  .35                    8.90 
-.35         !            8.95 

Discharge  Correct'n 
cu.ft.  per  for  diff. 
minute,     of  level. 


1.0921 
1.0906 
1.0947 


5.8335 
5.8269 
5.8550 


2230.48 
2225.95 
2238.33 


Corrected 
discharge. 


2230.73 
2226.06 
2238.84 


Corrected  |  Head  on 

weir      I  ceutre  of 

height,     aperture. 


1.0922 
1.0906 
1.0949 
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Experiment    Xo.   29. 


Weir 
gauge. 


1.156 
1.160 
1.163 
1.157 
1.160 
1.162 
1.161 
1.167 
1.15S 
1.164 
1.159 
1.160 


Gauge  No.  2. 

Ceutre  of 
'    aperture. 


6.890 
6.900 
6.915 
6.930 
6.910 
G.915 
6.950 
6.955 
6.960 
6.965 
6.970 


1.1606  6.9333 

1.1614     !         6.9519 
1.1600  6.9087 


Size  of  aperture,  round,  2  feet  diameter. 
Centre  of  aperture  above  weir,  1.97  feet. 
Leni,'th  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.39  feet  per  second. 
Head  due  to  velocity,  0.0'.)24  feet. 
Temperature    f  water,  75="  I'^abr. 
Height  of  water  on  weir  for  lealsage,  0.08  feet. 


Leakage,  Cubic  Feet  per  Mimute. 


Observed 
leakage. 


10.62 
10.64 
10.60 


Correction 

for  diff.  of 

^veir. 


True 
leakage. 


10.24 
10.26 
10.22 


iDischarge  0 
[  cu.lt.  per  I    for  ditf. 
minute. 


t'u 


or  uiH.     ,-     ,  weir        centre  ol 

f  level,    aiscnaifee.     j^gj^jj^       aperture 


2440.17  ;         .28 

2442.65 

2438.31 


2440.45 
2442.63 
2438.31 


Corrt-cted     Head  on 
entre  of 


1.1607 
1.1614 
1.1600 


Experiment  No.  30. 


4  27 

1.235 

8.300 

Size  of  aperture,  round,  2  feet  diameter. 

28 

1.232 

8.315 

Centre  of  aperture  above  weir,  1.97  feet. 
Length  of  measuring  weir,  10  feet. 

29 

1.233 

8.325 

Velocity  of  approach,  0.43  feet  per  second. 

30 

1.232 

8.330 

Head  due  to  velocity,  0.0029  feet. 

Temperature  of  water,  75°  Fahr. 

31 

32 

1.237 
1.236 

8.340 
8.345 

Height  of  water  on  weir  for  leakage,  0.09  feet. 

Leakage,  Cubic  Feet  per  Minute. 

33 

1  237 

8  355 

a 

34 
35 
36 

1.237 
1.240 
1.238 

8.360 
8.365 
8.370 

Observed 
leakage. 

Correction 

for  diflf.  of 

weir. 

True 
leakage. 

Mean 

12.67 

—  .38 

12.29 

I         37 

1.236 

8.370 

a... 

12.70 

—.38 

12.32 

Discharge'  Correcfn 
cu.ft.  per     for  dift'. 
minute,      of  level. 

rorre^ted 
discharge. 

Corrected 

weir 

height. 

Head  on 
centre  of 
aperture. 

Mean 

1.2357 
1.2373 

8.3432 

8.3008 

2676  68            .08 

0676  76 

1  2357 

8.3432 

a.... 

2681.79 

2681 

.79 

1.2373 

8.3608 

G7 


Experiment  X<>.  31. 


Time. 

Weir 
gavige. 

Gauge  No.  2.' 
Centre  of 
aperture. 

Size  of  aperture,  round,  2  feet  diameter. 
Centre  of  aperture  above  weir,  1 .97  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  (1.46  feet  per  second. 

H.  M. 

i  49 
50 

1.302 
1.304 
1.298 
1.300 
1.29S 
1.305 
1.309 
1..3U2 

9.60 
9.  CI 
9.02 
9.63 
9.G4 
9. 055 
9.67 

Head  due  to  velocity,  0.0033  feet. 
Temperature  of  water,  75°  Fahr. 
Height  01  water  on  weir  for  leakase,  0.10  feet. 

Lkak.\ge,  Cubic  Feet  per  Minute. 

52 
53 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

51 

.'55 
56 

Mean 14.72            —.37 

14.35 



Discharge   Correct'n 
cu.  ft.  per    for  diff. 
1  miDute.   1  of  level. 

Corrected 
discharge. 

Corrected    Head  on 
weir       j  centre  of 
height,     aperture. 

Mean 

1.3022 

9.0381 

2891.68 

! 
2891.68  1     1.3022     1     9.6381 

1 

Experiment  No.  32. 


Time. 

Weir 
gauge. 

Gauge  No.  1. 
Centre  of 
aperture,    j 

Size  of  aperture,  1.0000833  feet  square. 
Centre  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  4  feet. 
Velocity  of  approach,  0.03  feet  per  second. 

H.  M. 

•  4   46 
47 

.392 
.393 
.393 
.393 
.393 
.393 

.514 

.516 

.516 

.516         ' 

..516 

.517 

.516 

Head  due  to  velocity,  0.0000  feet. 
Temperatui-e  of  water,  75°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.08  feet. 
Aperture  not  filled. 

1        « 
1 

Leakage,  Cubic  Feet  pee  Minute. 

1        49 
aH 

1    =° 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

|.   « 

10.15 

—  .59 

9.56 

52 

t       53 

Discharge 
cu.  ft.  per 
minute. 

Correct'n 
for  diff 
of  level. 

Corrected  :C°^;^^°J«'» 
discharge.;    j^^^'j^^. 

Head  on 
bottom  of 
aperture. 

a 

.3930 

.5160 

193.12 

193. 

12 

.3930 

1.0160 

Experiment  No.   33. 


f   5  13 

I      u 

\     IS 

I « 

I       17 
18 


.593 
.593 


1.471 

1.476 
1.180 
1.484 
1.487 
1.490 


Size  of  aperture,  1.0000833  feet  square. 
Centre  of  aperture  above  weir,  1 .  556  feet. 
Length  of  measuring  weir,  4  feet. 
Velocity  of  approach,  0.06  feet  per  second. 
Head  due  to  velocity,  0.0001  feet. 
Temperature  of  water,  75-  Fahr. 
Height  of  water  on  weir  for  leakage,  0.U9  f< 
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Experiment  No.  Sii.~ {Continued.) 


Time. 

Weil- 
gauge. 

Gauge  No.  1. 
Centre  of 
aperture. 

Leakage,  Cdbic  Feet  per  Minute. 

H.  M. 

f  5    19 
20 

22 
23 
24 
25 

.595 
.594 
.595 
.595 
.596 

1.492 
1.494 
1.495 
1.494 
1.494 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

ii  ■ 

Mean 

a 

* 

12.21 
12.21 
12.20 

—  .76 

—  .76 

—  .76 

11.45 
11.45 
11.44 

.595                  1.495 

1 

Discliarge 
en.  ft.  per 
minute. 

Correcfn 
for  diff. 
uf  level. 

Corrected 
discharge. 

Corrected    Head  on 
weir        centre  of 
height,     aperture. 

Mean 

.5942              1.4882 

355.19 
355.89 
354.13 

.13 

355.32 

.5944     !     1.4882 

a 

b 

.5950 
.5930 

1.4941 
1.4796 

355.89 
354.13 

.5950 
.5930 

1.4941 
1.4796 

Experiment  No. 


58 

59 

()     0 


»^ 


1 

2  I 

3  I 


.819 

.8172 
.8196 
.8170 


3.631 
3.639 
3.648 
3.656 
3.604 
3.672 
3.079 
3.088 
3. 699 
3.700 
3.713 
3.717 
3.720 
3.723 
3.722 
3.719 
3.716 
3.711 

3.0902 


Size  of  aperture,  1.0000833  feet  square. 
Centre  of  aperture  above  weir,  1 .  556  feet. 
Length  of  measuring  weir,  4  feet. 
Velocity  of  approach,  0.10  feet  per  second. 
Head  due  to  velocity,  0.0002  feet. 
Temperature  of  water,  70'^  Fahr. 
Height  of  water  on  weir  for  leakage,  0.10  feet. 


Leakage,  Cubic  Feet  per  Minute. 


leakage. 


Correction 

for  diff.  of 

weir. 


14.30 
14.32 
14.30 


True 
leakage. 


13.50 

1 

I        13.52 

13.50 


Discharge,  Correcfn  p„-„e„*ed 


minute. 

566.28 
568.71 
566.08 


Corrected  |  Head  on 

weir      I  centre  of 

height,    j  aperture. 


.566.59  .8175 

568.71  .8190 

566.08  .8170 


3.6902 
3.7174 
3.6887 
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Exi'KRlMEN'T    No.    So. 


*^ 


Weir 
gauge. 


Gauge  No.  1. 
Ceutre  of 
aperture. 


4.781 
4.785 
4.786 
4.786 


Size  of  aperture,  1 .  0000833  feet  square. 

Centre  of  aperture  above  weir,  1.556  feet. 

Length  of  measuring  weir,  4  feet. 

Velocity  of  apijroach,  0.11  feet  per  second. 

Head  due  to  velocity,  0.0002  feet. 

Temperature  of  water,  70°  Fahr. 

Height  of  water  ou  weir  for  leakage,  0.10  feet. 


4-2 

.894      . 

4.792 

43 

.893 

4.795 

44 

.893 

4.799 

45 

.893 

4.802 

f       46 

.fe94 

4.807 

47 

.894 

4.810 

.a 

4S 

.894 

4.817 

41) 

.894 

4.821 

oO 

.894 

4.827 

51 

.895 

4.832 

5-2 

.896 

4.838 

53 

.«96 

4.840 

Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


Correction 
for  diflf.  of 


leakage. 


15.97 
16.01 
15.94 


15.14 
15.18 
15.11 


Discharge  !  Correct'n   r'r.,...oMori  '^""^'^^ed    Head  on 
cu.  It.  perl  for  diff.   ;.V°  .,_„„„        weir      |  centre  of 
minute,      of  level. 


4.8036 
4.8164 

4.7890 


645.03 
645.35 

644.30 


645.20 
645.35 
644.30 


height.  I  aperture. 

.8939  !     4.8036 

.8940  I     4.8164 

.8930  I     4.8196 


Experiment  No.  36. 


lie.         ( 

Weir 
gauge. 

Gauge  No.  2. 
Centre  of 
aperture. 

H.  M. 

7  18 

.933 

5.495 

19 

.933 

5.493 

20 

.933 

5.492 

21 

.933 

5.491 

22 

.935 

5.490 

23 

.934 

5.490 

24 

.934 

5.490 

.25 

.905 

5.490 

Size  of  aperture,  1.0000833  feet  square. 
Ceutre  of  aperture  above  weir,  1 .  556  feet. 
Length  of  measuring  weir,  4  feet. 
Velocity  of  approach,  0 .  11  feet  per  second. 
Head  due  to  velocity,  0.0002  feet. 
Temperature  of  water,  75-  Fahr. 
Height  of  water  on  weir  for  leakage,  0.11  feet. 
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Experiment  No.   36. — {Continued.) 


Time. 

Weir 
gauge. 

Gauge  No. 2. 
Centre  of 
aperture. 

Leakage,  Cubic  Feet  per  Mikute. 

1 

H.  M. 

7  26 
27 
28 

.934 
.932 
.933 

5.490 
5.490 
5.488 

Observed 
leakage. 

Correction 

for  difl'.  of 

weir. 

True 
leakage. 

Mean 

16.81 

—.77 

16.04 

Discharge 
ou.  ft.  per 
minute. 

Correct'u 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 

weir 

height. 

Head  on 
centre  of 
aperture. 

Mean 

.9335 

5.4908 

687.18 

687.18 

.9335 

5  4908 

Experiment  No.  SV. 


.999 
1.000 
1.001 
1.002 
1.004 
1.004 
1.005 
1.005 
1.007 
1.007 
1.008 
1.008 
1.009 
1.009 
1.010 
1.010 
1.010 
1.011 
1.012 


1.0060 
1.0100 


6.530 
0.565 
6.590 
6.615 
6.635 
I         6.655 


6.7211 
6.8167 


Size  of  aperture,  1.0000833  feet  square. 
Centre  of  aperture  above  weir,  1 .556  feet. 
Length  of  measuring  weir,  4  feet. 
Velocity  of  approach,  0.13  feet  per  second. 
Head  due  to  velocity,  0.0003  feet. 
Temperature  of  water,  75^  Fahr. 
Height  of  water  on  weir  for  leakage,  0.13  feet. 


Leakage,  Cubic  Feet  pee  Minute. 


1.-=. 


leakage. 


True 
leakage. 


Discharge  j  Correct'n 
cu.  ft.  per  for  diff. 
minute,      of  level. 


765.84 
770.25 


Corrected 
discharge. 


766.36 
770.25 


Corrected 

weir 

height. 

1.0065 
1.0100 


Head  on 
centre  of 
aperture. 

6.7211 
6.8167 


E.\i-euimi:nt  No.  38  A. 


Weil- 
gauge. 


1.141 
1.141 
1.142 
1.140 
1.140 
1.142 
1.142 
1.144 
1.145 
1.1455 
1.145 
1.147 
1.148 
1.148 


tGaiiseNo.2. 

I    Centre  of 

aperture. 

I        9.740 

9.750 

;        9.765 

1        9.775 

9.785 

9.795 

9.805 

I        9.815 

'        9.823 

9.830 

9.835 

9.840 

9.845 

9.850 


Size  of  aperture,  1.0000833  feet  square. 

Centre  of  aperture  above  weir,  1.556  feet. 

Length  of  measuring  weir,  4  feet. 

Velocity  of  approach,  0.15  feet  per  second. 

Head  due  to  velocity,  0.0003  feet. 

Temperature  of  water,  75°  Fahr. 

Height  of  water  on  weir  for  leakage,  0.15  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


24.72 
24.76 
24.68 


Correction 

for  diff.  of 

weir. 


True 
leakage. 


23.98 
24.02 
23.94 


Discharge  Correct'n 
cu.ft.  per  for  diff. 
minute,      of  level. 


1.1436 
1.1451 
1.1412 


.8038  921.50  .41 

.8293      I     923.12 
.7850  918.71 

E.\PERI.MEXT    No.    38    B. 


Corrected  :«°;'|jf^ 
discharge.!    ^"^^^^^^ 


921.91  1.1440 

923.12  1.1451 

918.71  1.1412 


Head  on 
centre  of 
aperture. 


8  56 

57 
58 
59 

.652 
.651 
.650 
.650 
.6.52 
.652 
.652 

9.893 
9.896 

9.900 
9.902 
9.905 
9.907 

Size  of  aperture,  1.0000833  feet  square. 
Centre  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  9.013  feet. 
Velocity  of  approach,  0.16  feet  per  second. 
Head  due  to  velocity,  0.0004  feet. 
Temperature  of  water,  75°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.15  feet. 

f     9    0 

■a\        1 

Leakage,  Cubic  Feet  peb  Minute. 

1 

1           2 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

24.89            —.37 

24.52 

d.... 

1 

24.89             -.37 

24.52 

Discharge 
cu.  ft.  per 
minute. 

Correct'n 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  on 
centre  of 
aperture. 

Mean 

.6513 

9.9001 
9.9047 

934.35 
935.70 

934.35 

.6513 

9.9001 

a.... 

935 

70 

.652( 

) 

9.9047 
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EXPKRIMKXT     X<>.    39. 


Weil- 
gauge. 


Gauge  No.  2. 
Centre  of 
aperture. 

11.990 
11.99.3 
12.000 


Size  of  aperture,  1.0000833  feet  square. 
Centre  of  aperture  above  weir,  l.-OSG  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.18  feet  per  ;-econil. 
Head  due  to  velocity,  0.0005  feet. 
Temperature  of  water,  75^  Fahr. 
Height  of  water  on  weir  for  leakage,  0.17  feet. 


34 
35 
36 
37 

•^*'^              ^-""^                      Leakage,  Cubic  Feet 

PEB  MiXUTE. 

■       .648               12.C07       1                              <>^Zlt 
fi47             T>  nin                             1 

Correction         ™„„- 

38 
39 
40 

28 

.35                27.93 

Discharge 

.647              12.012      '  cu.ft.per 

,    mimite. 

Correct'n 
for  diff. 
of  level. 

Corrected  jCorrected     Head  on 
^fi.w„^       weir         centre  of 
discharge.     ^^.^^^      aperture. 

Mean 

.6472             12.0046          1026.82 

1026.82 

.6472         12.0046 

Experiment  Xo.  40. 


0 

.G78 

13.615 

1 

.677 

13.622 

2 

.677 

13.626 

3 

.678 

13.630 

4 

.675 

13.633 

5 

.677 

13.633 

6 

.076 

13.635 

7 

.678 

13.637 

8 

.  676 

13.637 

9 

.676 

13.635 

Size  of  aperture,  1 .0000833  feet  square. 
Centre  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.19  feet  per  second. 
Head  due  to  velocity,  0.0006  feet. 
Temperature  of  water,  75°  Fahr. 
Height  of  water  on  weir  for  leakage,  0 .  IS  feet. 


Leakage,  Cubic  Feet  per  IiIisute. 


Observed 
leakage. 


Correction 
for  diff.  of 


31.21 
31.21 


Discharge  Correct'n  v^r^^r^ofo^  'Corrected  Head  on 
cu.ft.per  for  diff.  l^i^charBe  ^'®*"  centre  of 
1   minute.  I  of  level,    "iscuarge.    jj^jgiji       aperture. 


.6768 
.6765 


13.6293    1097.41 
13.6360   I  1096.68 


1097.24  I   .6767 
1096.68  I   .6765 


13.6293 
13.6360 
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Exi'KRlMKNT    Xo.    41. 


TilMO. 

Weir 

gaugp. 

Gauge  No.  2. 
Centre  of 
aperture. 

H.  M. 

10  29 

.7015 

15.130 

f         30 

.  703 

15.130 

31 

.702 

15.133 

32 

.702 

15.132 

33 

.701 

15.133 

'-'       U 

.704 

15.132 

35 

.702 

15.132 

36 

.703 

15.132 

I         37 

.703 

15  133 

38 

.702 

15.135 

Size  of  aperture,  1.0000833  feet  square. 
Centre  of  aperture  above  weir,  1.550  icet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.20  feet  per  second. 
Head  due  to  velocity,  0.0006  feet. 
Temperature  of  water,  75°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.19  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


36.35 
36.35 


Correction 

for  diff.  of 

weir. 


True 

leakage. 


36.04 
36.04 


Discharge  Correct'n 
cu.ft.per  for  diff. 
minute,      of  level. 


15.1322 
15.1321 


•1159.40 
1159.89 


Corrected  Corrected     Head  on 
V°  ,  5!!„        weir        centre  of 


discharge 


height,      aperture. 


11.59.44 
1159.89 


.7023 
.7025 


15.1322 
15.1321 


Experiment  Ko.  42. 


10  49 
50 
51 
52 
53 
54 
55 
56 
57 
58 


38 

17.570 

39 

17.565 

38 

17.570 

335 

17.567 

32 

17.570 

38 

17.505 

r34 

17.503 

375 

17.560 

Size  of  aperture,  1.0000833  feet  square. 
Centre  of  aperture  above  weir,  1.556  Icet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.21  feet  per  second. 
Head  due  to  velocity,  0.0007  feet. 
Temperature  of  water,  75^  Fahr. 
Height  of  water  on  weir  for  leakage,  0.22  feet. 


Leakage,  Cubic  Feet  pee  Minute. 


Observed 
leakage. 


leakage. 


Discharge  Correct'n  r-^^.^.oio^  [Corrected    Head  on 
cu.ft.per     fordiflf.    ^fl'if,^:^^      weir      ,  centre  of 


minute,      of  level. 


discharge.  1 


height,      aperture^ 


f      1  31 


Weir 
gauge. 

.461 
.461 
.461 
.431 


Experiment  Xo.  43. 


Gauge  No.  1. 
Centre  of 
aperture. 


1.149 
1.148 
1.147 

1.147 


Size  of  aperture,  1.0007  feet  diameter,  round. 

Centre  of  aperture  above  weir,  1.556  feet. 

Length  of  measuring  weir,  4  feet. 

Velocity  of  approach,  0.04  feet  per  second. 

Head  due  to  velocity,  0.0000  feet. 

Temperature  of  wafer,  75'  Fahr. 

Height  of  water  on  weir  for  leakage,  0.09  feet. 
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Experiment  No.  43. — {Continued.) 


Time. 

■U>ir        Gauge  No.  1. 
„,,„ll        .    Centre  of 
S'l""^'-      1    aperture. 

Leakage,  Cubic  Feet  per  Minute. 

H.  M. 

1  35 
36 

.4605 
.4605 
.460 
.460 
.460 

1.147 
!.,„ 

1.147 
1.147 
1.147 

1 
1 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

37 

11.62 
11.62 
11.62 

—.57 
—.57 
—.57 

11.05 

38 
a 

1          39 

1        .0 

I 

a 

b 

11.05 
11.05 

Discharge 

cu.  ft.  per 

minute. 

Correcfn  L„„_.„t<.,l  Corrected 
fordiff.    iS?T±fi      weir 
of  level,  .discharge.    ^^.^^^ 

Hoad  on 
centre  of 
aperture. 

Mean 

a 
b 

.4605             1.1473 

.4600               1.1470 
.4610     1         1.1478 

243.99 
243.60 
244.38 

—.08          243.91 
243.60 

1     244.38 

1 

.4604 
.4600 
.4610 

1.1473 

1.1470 
1.1478 

Experiment  No.  44. 


1  59 

.588 

2.309 

Size  of  aper 

ure,  1.0007  feet  diameter. 

round. 

2    0 

.590 

2.324 

Centre  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  4  feet. 

1 

.590 

2.3.33 

Velocity  of  approach,  0.06  feet  per  second. 

2 

.593 

2.344 

Head  due  to  velocity,  0.0001  feet. 
Temperature  of  water,  75°  Fahr. 

3 

4 
5 

.5915 
.592 
.594 
.594 
.594 
.595 
.595 

2.351 
2.358 
2.364 
2.369 
2.373 
2.377 
2.379 

Height  of  water  on  weir  for  leakage,  0.09  feet. 

Leakage,  Cubic  Feet  per  Mikute. 

b-i           6 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

I,„e 

leak.t^'e. 

9 

Mean 

12.24 

—.66 

1-2.  .58 

10 

.596 

2.381 

a 

13.27 

—  .66 

12.61 

a 

11 
12 

.596 
.595 

2.382 
2.383 

b 

13.26 

—.66 

12.00 

Discharge 

Correcfn 

corrected' Co-ected 
discharge.    ^^^^_ 

Head  on 

cu.  ft.  per 
minute. 

for  diff. 

centre  of 

[        13 

.595 

2.384 

of  level. 

aperture. 

Meat 

.5932 
.5953 

2.3607 
2.3810 

354.31 
356.15 

.38 

354.69           .5937 
356.15     !       .5953 

2.3607 

a 

2.S810 

b 

.6940 

2.3687 

355.01 

355 

01     '       .5940 

2.3687 

75 


Experiment  Xo.  45. 


1 

H.  M. 

2  47 

Weir 
gauge. 

Gauge  No.  1.; 
Centre  ot 
aperture. 

.753 

4.761 

48 

.753 

4.770 

49 

.754 

4.779 

50 

.754 

4.788 

51 

.755 

4.797 

52 

.755 

4.804 

53 

.754 

4.811 

a 

54 

.755 

4.817 

55 

.756 

4.822 

56 

.755 

4.828 

57 

.755 

4.832 

58 

.756 

4.836     ' 

T» 

59 

.756 

4.839 

3    0 

.756 

4.843 

Size  of  aperture,  1.0007  feet  diameter,  round. 

Centre  of  aperture  above  weir,  1.556  feet. 

Length  of  measuring  weir,  4  feet. 

Velocity  of  approach,  0.09  feet  per  second. 

Head  due  to  velocity,  0.0001  feet. 

Temperature  of  water,  75=  Fahr. 

Height  of  water  on  wtir  lor  leakage,  0.10  feet. 


Leakage,  Cdbic  Feet  peb  Minute. 


.7548 

4.8091 

a 

.7550 

4.8159 

b 

.7560 

4.8393 

Observed 
leakage. 


15.49 
15.51_ 
15.56 


Correction 

for   diff.    of 

weir. 


True 
leakage. 


14.80 
14.82 
14.87 


Discharge  Correct 'n  ^„-_„„i.-j  Corrected  Head  on 
cu  It.  per  for  diff.  t^"„ij^„^  weir  centre  of 
minute,     of  level,    ai^cnarge.     jjgjgjj^      aperture. 


504.50 
505.47 


.18         504.48 

■     504.50 
{     505.47 


.7550 
.7550 
.7560 


4.8091 
4.8159 
4.8393 


ExPERI.\IE\T   Xo.   46   A. 


Time. 

Weir 
gauge. 

Gauge  No.  2 
Centre  of 
aperture. 

::  .31 

902 

8.025 

32 

900 

8.010 

33 

901 

8.000 

34 

899 

7.985 

35 

899 

7.975 

36 

898 

7.967 

f         37 

897 

7.960 

1          38 

897 

7.954 

31 ; 

1          39 

8965 

7.949 

1          40 

897 

7.945 

41 

8965 

7.940 

42 

895 

7.936 

Size  of  aperture,  1.0007  feet  diameter,  round. 
Centre  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  4  feet. 
Velocity  of  approach,  0.11  feet  per  second. 
Head  due  to  velocity,  0.0002  feet. 
Temperature  of  water.  75*^  Fahr. 
Height  of  water  on  weir  of  leakage,  0.13  feet. 


Leakage,  Cubic  Feet  per  Minute. 

Observed 
leakage. 

Correction 

for   diff.     of 

weir. 

True 
leakage. 

Mean 

21.70 
21.67 

::: 

21.08 

a. 

21.04 
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Experiment  No.  46  A. — [Continued.) 


Time. 

Weir 
gauge. 

GaiigeNo.2. 

Centre  of 
j    aperture. 

Discharge 
cu.  ft.  per 
minute. 

"lir^n     corrected  C°;';^^f;ed 
one^^T.    '^-'^^-g-     height. 

Head  on 
centre  of 
aperture. 

Mean 

.8932 

7.9705 

1 

I       7.9520 

644.51 
648.40 

—.48         644.03 
648.40 

.8927 
.8969 

7.9705 

a 

7.9520 

Experiment  No. 


H.  M. 

3  48 
49 

f       50 

1    .. 

.476 

.476 

.475 

.474 

.474 

.475 

.4745 

.477 

7.922      1 

7.921       i 

7.920 

7.918 

7.916 

7.915 

7.913 

7.913 

Size  of  aperture.  1.0007  feet  diameter,  round. 
Centi'e  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.12  feet  per  second. 
Head  due  to  velocity,  0.0002  feet. 
Temperature  of  water,  75=  Fahr. 
Height  of  water  on  weir  for  leakage,  0.13  feet. 

Leakage,  Cubic  Feet  per  Minute. 

(       53 
54 

nVienr-xTori       Correctiou 

True 
eakage. 

91    •A9. 

55 

Mean           . . . '        21  60 

28 

•b....:        21.60 

—  .28                 21.32 

Discharge 
cu.  It.  per 
minute. 

s3s:s=si 

Corrected 

■weir 

height. 

Head  on 
centre  of 
aperture. 

.4752 
.4745 

7.9172 
7.9172 

G48.08 
646.87 

.07       '     648.15 

.4752 
.4745 

7.9172 

b..  .. 

646 

87 

7.9172 

Experiment  No.  47. 


4  17 

18 
19 
20 
21 
22 


.532 
.532 
.532 
.532 
.5.33 


10.800 
10.820 
10.840 
10.860 
10.880 
10.895 
10.905 
10.913 
10.921 
10.930 
10.937 


Size  of  aperture.  1.0007  feet  diameter,  round. 
Centre  of  aiierture  above  weir,  1.556  feet. 

LfiiL'th  of  nicasiiriii-  weir.  10  feet. 
Vcloriiv  (.lupiiroa.ii.  d.  14  feet  per  second. 
Heail  auc  to  v<locit.v,  0.0003  feet. 
Temperature  of  water.  76"  Fahr. 
Height  of  water  on  weir  for  leakage,  0.16  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 

26.38 
20.42 
26.37 


Correction  rp 

—  .26  26.12 

—  .26  20.16 

—  .26  26.11 


I         .5321 

a I         .5330 

1>....^         .5320 


10.8819 
10.9212 
10.8087 


Discharge 
cu.  ft.  per 
minute. 

Cnrrecfu 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 

weir 

height. 

Head  on 
centre  of 
aperture. 

767.25 
769.19 

7C7.04 

.23 

767.48 
769.19 
767.04 

..5322 
.5330 
.5320. 

10  8819 
10.0212 
10.8087 
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Experiment  JN'o.  48. 


Weir 

g.iuge. 


.557 
.557 
.559 
.558 
.  558 
.557 
.559 


Gauge  No.  2. 
Centre  of 
aperture. 

12.413 
12.430 
12.440 
12.402 
12.470 
12.485 
12 . 492 
12.500 
12.506 
12.515 
12.522 


Size  of  aperture,  1.0C07  feet  diatueter,  round. 
Ceutre  of  aperture  above  weir,  1.S56  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.15  feet  per  second. 
Head  due  to  velocity,  0.0003  feet. 
Temperature  of  water,  76"  Fahr. 
Height  of  water  on  weir  for  leakage,  0.17  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


29.10 
29.13 


Correction 
fordiff.  of 


leakage. 

28.83 
28.86 
28.81 


Discharge  Correct'n  /-.„„_„„i.„j  Corrected  Head  on 
cu.  ft.  per  for  diff.  Vf  "ui^  „^  I  weir  centre  of 
minute,      of  level.    "I'-c"'*'' ge-     height,     aperture. 


.5574  12.4770  822.20 

.5582  12.5070     ;      823.96 

.5570  12.4672  821.32 


.43  j  .5575  12.4770 
.96  i  .5582  12.5070 
.32     !     -.5570         12.4672 


5  10 

12 
13 
14 
15 
16 
17 
18 


.582 

14.090 

.582 

14.100 

.582 

14.110 

..». 

14.120 

.5825 

14.127 

.583 

14.132 

.582 

14  136 

.583 

14.145 

.583 

14.152 

.583 

14.157 

.5827 

14.1269 

.5823 

14.1444 

!>.... 

.5S21 

14.1094 

Experiment  No.  49. 

Size  of  aperture,  1.0007  feet  diameter,  round. 
Centre  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.16  feet  per  second. 
Head  due  to  velocity,  0.0004  feet. 
Temperature  of  water,  76=  Fahr. 
Height  of  water  on  weir  for  leakage,  0 .  18  feet. 

Leakage,  Ccbic  Feet  per  Minute. 

Observed      ?°f,%*'°"  '       True 
leakage.       *°',4f/°*  ;    leakage. 

Meau 32.74       [       —.29  32.45 

a 32.76       i       —.29  32.47 

b....  32.70      I      —.29  32.41 

Discharge  Correct'n  p-,._„„teri  Corrected  Head  on 
cu.ft.  per  fordiff.  VP,Vvl„^  '^^'e"'  centre  of 
minute.      of  level,    ^iscnar^e.      jjgjgjjt.     aperture. 

878.36  .08       j     878.44     j       .5827         14.1269 

878.58     I  878.58  .5828  14.1444 

877.01  877.01  .5821  14  1094 
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Experiment  No.   50. 


Weir 
gauge. 


.605 
.605 
.604 
.605 
.6045 
.606 
.6D5 
.6065 
.606 
.605 
.606 


Gauge  No.  2. 
Centre  of 
aperture. 


15.655 
15.660 
15.663 
15.665 
15.665 
15.665 
15.667 
15.664 
.15.665 
15.665 
15.667 
15.667 


.6052  15. f 

a.,..j         .6057      j       15. f 
b....  .6047  15. C 


Size  of  aperture,  1.0007  feet  diameter,  round. 
Centre  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approacli,  0.16  feet  per  second. 
Head  due  to  velocity,  0.0004  feet. 
Temperature  of  w.ater,  76^  Fahr. 
Height  of  water  on  weir  for  leakage,  0.20  feet. 


Leakage,  Cdbic  Feet  per  Minute. 


Observed 
leakage. 


weir. 


leakage. 


—.24 
—  .24 
—.24' 


38.01 
38.01 
38.01 


Discharge'  Correct'n  Vi.,-,.=„t«-i  Corrected  Head  on 
cu.ft.pe'r  fordiff.  ^^ZSl  ''''''  1  centre  of 
minute,      of  level,    ^iscnarge.     jjgjgjjj      aperture. 


929.30 
930.55 
928.16 


929.37 
930.55 
928.16 


.6052  15. 
.6057  15. 
.6047    15. 


Experiment  No.  51. 


5  57 

58 
59 

6  0 
1 
2 
3 


.634 
.634 
.634 
.633 
.635 
.636 
.635 
.635 


.6345 
.6352 


17.695 
17.710 
17.710 
17.725 
17.715 
17.730 
17.730 
17.740 
17.745 
17.745 


17.7245 
17.7400 
17.7150 


Size  of  aperture,  1.0007  feet  diameter,  round. 
Centre  of  aperture  above  weir,  1.556  feet. 
Length  of  measuring  weir,  10  feet. 
Velocity  of  approach,  0.17  feet  per  second. 
Head  due  to  velocity.  0.0004  feet. 
Temperature  of  water,  76°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.23  feet. 


Leakage,  Cubic  Feet  peb  Minute. 


Observed 
leakage. 


43.40 
43.45 
43.38 


Correction 

for  diff.  of 

weir. 


True 
leakage. 


—.24 
—.24 
—  .24 


43.16 
43.21 
43.14 


Discharce  Correct'n 
cu.ft.per  for  diff. 
minute,     of  level. 


997.00 
998.64 
995.83 


Corrected 
discharge 


997.00 
998.64 
995.83 


Corrected  Head  on 
weir  centre  of 
height,     aperture. 

j  .6345  j  17.7245 
.6352  i  17.7400 
.6340     I     17.7150 
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ExrERIMENT    No.    52. 


Time. 

Weir 
gauge. 

Gauge  No.  1. 
Centre  of 
aperture. 

H.  M. 

12    y 

.38i 

2.174 

10 

.384 

2.169 

U 

.383 

2.1G4 

12 

.383 

2.1.58 

13 

.382 

2.153 

14 

.382 

2.151 

15 

.381 

2.148 

16 

.381 

2.145 

(         1'? 

.380 

2.143 

18 

"1     ■" 

.380 
.380 

2.140 
2.138 

1          20 

.380 

2.136 

Size  of  aperture,  0.5  feet  diameter,  round. 

Ceutre  of  aperture  above  weir,  1 .80G  feet. 

Length  of  measuring  weir,  2  feet. 

Velocity  of  approach,  0.02  feet  per  second. 

Head  due  to  velocity,  0.0000  feet. 

Temperature  of  water,  72°  Fahr. 

Height  of  water  on  weir  for  leakage,  0.07  feet. 


Leakage,  Cubic  Feet  pek  Minute. 


Observed 
leakage. 


Correction 

for  dift.  of 

weir. 


7.65 
7.64 


—  .28 

—  .28 


True 
leakage. 


7.37 
7.36 


Discharge  Correct'n  nr^^^^^t^/t  Corrected  Head  on 
cu.ft.per  fordiff.  :^fJ/wee  ^^"  centre  of 
'  minute,      of  level.    ais''"'*ree-|    height,     aperture. 


2.1516 
2.1392 


90.83  —.27 

90.04 


90.56 
90.04 


2.1516 
2.1392 


Experiment  No.  53. 


1  35 

.476 

4.136 

36 

.476 

4.141 

37 

.476 

4.146 

38 

.477 

4.159 

30 

.477 

4.154 

40 

.478 

4.157 

41 

.477 

4.161 

4-2 

.477 

4.165 

43 

.4775 

4.168 

44 

.478 

4.171 

Size  of  aperture,  0.05  feet  diameter,  round. 

Centre  of  aperture  above  weir,  1.806  feet. 

Length  of  measuring  weir,  2  feet. 

Yelocitv  of  approach,  0.02  feet  per  second. 

Head  due  to  velocity,  0.0000  feet. 

Temperature  of  water,  73=  Fahr. 

Height  of  water  on  weir  for  leakage,  0.08  feet. 


Leakage,  Cubic  Feet  per  Minute. 


Correction 

for  diff.  of 

weir. 


Dischargfe  Correct'n  ,^.__„„i.„j  Corrected    Head  on 
1  cu.ft.per  i   fordifif.     d?"w^e        weir         centre  of 
level,  {discharge,     ^^jg^it.     aperture. 


minute. 


.4760 
.4780 


4.15.58 
4.1607 
4.1410 
4.1710 


125. 32 
125.44 
124.98 
125.74 


.17 


125.49 
125.44 
124.98 
125.74 


.4773  '  4.1558 

.4772  I  4.1607 

.4760  j  4.1410 

.4780  '  4.1710 


f  2    24: 
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Experiment  ]V< 


Gauge  No.  2. 
.02  below 
centre. 


6.210 
6.250 
6. 280 
6.310 
6.340 
C.370 
6.400 
6.427 
6.457 
6.485 
6.515 


6.3676 
6.2467 
6.4850 


Size  of  aperture,  0.5  feet  diameter,  round. 

Centre  of  aperture  above  weir,  1.806  feet. 

Length  of  measviring  weir,  4  feet. 

Velocitv  of  approach,  0.03  feet  per  second. 

Head  due  to  velocity,  0.0000  feet. 

Temperature  of  water,  73''  Fahr. 

Height  of  water  on  weir  for  leakage,  0.10  feet. 


Leakage,  Cubic  Fket  pee  Minute. 


Observed 
leakage. 


Correction 

for  diff.  of 

weir. 


True 
leakage. 


Mean 

12.98 

—  .13 

12.85 

a. 

12.79 

-.13 

12. 6G 

b.... 

13.16 

—  .13 

13.03 

1  Discharge  Correct'n  L  .    ,  !  Corrected 

jcu.ft.per     for  diff.   jSar^e        ^"^ 
I   minute,      of  level.  |aiscnarge.     ^^^.^^^^ 


156.57 
154.87 
158.47 


.3418 


156.95 

154.87     I       .3387 

158.47     i       .3440 


Headou 
centre  of 
aperture. 

6.3476 
6.2267 
6.4'.>50 


E.XPEIU.MENT    Xo.    55    A. 


J 


2  52 
53 


.357 
.358 

.308 
.369 
.370 
.383 
.385 
.337 
.4115 
.407 
.408 
.425 
.427 
.429 
.439 
.440 
.442 


Size  of  aperture,  0.5  feet  diameter,  round. 
Centre  of  aperture  above  weir,  1.806  feet. 
Length  of  measuring  weir,  4  feet. 
Velocity  of  approach,  a,  b,         0.03  feet  per  second. 

c,  d,  e,/,  0.04 

g,  h,  i,j,   0.05 
Head  due  to  velocity,  0.0000  feet. 
Temperature  of  water,  73=  Fahr. 


Leakage,  Cubic  Feet 

PER  Minute. 

Weir 
height. 

Observed 
leakage. 

Correcfu 
for  diff. 
of  weir. 

True 
leakage. 

a 

.10 

14.91 

— .U 

14.77 

!>.... 

.11 

15.90 

-.12 

15.84 

f  .... 

.12 

17.69 

-.11 

17.58 

.1  .... 

.13 

20.18 

—  .13 

20.05 

c  .... 

.14 

22.19 

-.13 

22.06 

f  .... 

.15 

24.80 

—.12 

24.68 

g.... 

.16 

27.82 

-.10 

27.72 

li.... 

.17 

30.75 

—  .11 

30.64 

i  .... 

.18 

31.76 

-.11 

31.65 

j... 

.20 

.37.12 

—  .11 

37.01 
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Kxi'Kl!! 


No.   55   A.—iCoHthnnd.) 


J  -i 


Weir 

gauge. 

Gauge  No.  2. 
.02  below 
centre. 

31. 

.458 

14.410 

2 

.400 

14.490 

3 

.460 

14.570 

13 

.472 

15.400 

U 

.473 

15.480 

15 

.473 

15.!550 

19 

.478 

15.820 

2U 

.479 

15.870 

21 

.480 

15.920 

21 

.494 

17.280 

25 

.104 

17.285 

26 

.494 

17.285 

27 

.495 

17.285 

2.S 

.  405 

17.290 

28 

.495 
.  405 

17.285 
17.290 

Discharge 
cu.ft.  per 
minute. 

Correct'n 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  ou 
centre  of 
aperture. 

a  ... 

.;;.>s 

7.320 

168.12 

168.12 

.3580 

7.800 

Ij  ... 

.3C9 

8.030 

175.84 

.76 

176.00- 

.3701 

8.010 

f 

.385 

9.080 

187.24 

1.52 

188.70 

.3871 

9.060 

«l... 

.407 

10.535 

203.29 

1.14 

204.43 

.4085 

10.515 

*• 

,427 

n.900 

218.23 

1.52 

219.75 

.4290 

11.970 

f... 

.440 

13.000 

288.13 

1.14 

229.27 

.4415 

12.980 

«••• 

.400 

14.490 

243.60 

243.60 

.4600 

14.470 

U... 

.473 

15.480 

253.83 

253.83 

.4730 

15.460 

i... 

.479 

15.870 

258.00 

.76 

259.36 

.4800 

15.850 

J. 

.4944 

17.285 

270.95 

.15 

271.10 

.4946 

17.265 

Experiment  X«».  55  B. 


Weir 
gauge. 


Gauge  No.  ] 


5  56 

.624 

1.408 

57 

.623 

1.404 

58 

.022 

1.406 

59 

.6205 

1.409 

6    0 

.020 

1.411 

1 

.619 

1.413 

Size  of  aperture,  1.0007  feet  diameter,  round. 
Aperture  submerged. 
Zero  of  gauge  above  weir,  1.806  feet. 
Length  of  measuring  weir,  4  feet. 
Temperature  of  water,  72°  Fahr. 
Height  of  water  on  weir  for  leakage,  O.OO  feet. 
This  aperture  was  in  the  bottom  of  the  flume  with 
its  top  surface  0.457  feet  above  the  weir. 
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Experiment  No.  55  B. — {C'ontimced.) 


Time. 

Weir 
gauge. 

Gauge  No.!. 

Leakage,  Cubic  Feet  pee  Minute.     . 

H.  M. 
6     2 

3 

4 

5 

G 

.618 
.619 
.6185 
.618 
.618 

1.416 
1.419 
1.421 
1.423 
1.425 

Observed 
leakage. 

Correction 

lor  difif.  of 

weir. 

True 
leakage. 

a 

Mean 

a 

6.71 
6.72 

—.46 
—  .46 

6.25 
6.26 

Discharge 
cu.  ft.  per 
minute. 

Correct'u 
for  diflf. 
of  level. 

Corrected 
discharge. 

Corrected 

weir 

height. 

Head  on 
aperture. 

Mean 

.6200 
.6183 

1.4141 
1.4208 

378.07 
376.54 

—  .46 

377.61 
376.54 

.6195 
.6183 

2.6001 

a 

2.6085 

EXPERIMEXT   No.    56. 


Time. 

Weir 
gauge. 

Gauge  No.  2. 

Size  of  aperture,  1.0007  feet  diameter,  round. 
Aperture  submerged. 

Zero  of  gauge  above  weir,  1.78G  feet. 
Length  of  measuring  weir,  4  feet. 
Temperature  of  water,  72°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.09  feet. 

H.  M. 

6  26 
27 

.830 
.832 

5.210 
5.250 

28 
29 

.835 

5.290 
5.330 

This  aperture  was  in  the  bottom  of  the  flume  with 
its  top  surface,  0.457  feet  above  the  weir. 

30 

.837 

5.370 

31 

.840 

5.405 

• 

32 

.840' 

5.440 

33 

.842 

5.465 

34 

.843 
.843 

.845 
.845 

5.495 
5.520 
5.540 
5.560 

35 
36 
37 

Leak.^ge,  Cubic  Feet  pek  Minute. 

OhsprvPd      Correction 
°eakage      ,  ^°'^^-  "^ 

True 
leakage. 

.846 
.848 

5.580 
5.600 

f       39 

Mean 11.29 

-.40 

10.89 

a   . 

40 
41 

42 

.848 
.847 
.849 

5.640 
5.650 

a 11.60 

—  .40 

11.20 

1 

Discharge 
cu.  ft.  per 
minute. 

590.87 
597.62 

(^""^-'^t;"  Corrected  ^''Zl'l^^ 

17^:';!  1'^^-'^-^-:  hS. 

Head  on 
aperture. 

Mean 

.8414 
.8480 

5.4685 
5.6275 

.90           591.77 

.8423 

6.4131 

a 

.25           597. 

37 

.8482 

6.5655 
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EXPKRIMENT    XO.    57. 


Tim 

i.  M. 

7  23 

Weir 
gauge. 

Gauge  No.  1. 

Size  of  aperture,  1.0007  fe 
Aperture  submerged. 
Zero  of  gauge  above  weir. 

et  diameter,  ro 

1.806  feet. 
,  4  feet. 
Fahr. 

und. 

.745 

3.626 

Length  of  measuring  weii 
Temperature  of  water,  71  = 

2i 

.745 

3.630 

Height  of  water  on  weir  for  leakage,  0.08 

fset. 

2.5 

.745 

3.634 

This  aperture  was  in  the  bottom  of  the  flume  with 
its  top  surface  0.457  feet  above  the  weir. 

26 
27 

.745 
.744 

3.639 
3.645 

Le.^kage,  Cubic  Feet  per  Minute. 

28 
29 
30 
31 

.743 
.743 
.743 
.744 

3.649 
3.6.53 
3.6.57 

Observed 
leakage. 

Correction 

for  diflf.  of 

weir. 

True 
leakage. 

I 

1 

Mean 

9.22 

—  .43 

8.79 

32 
33 

.744 
.744 

3.664 
3.666 

a 

9.23 

-.43   ; 

8.80 

Discharge 
cu.  ft.  per 
minute. 

Correct'n 
for  difif. 
of  level. 

Corrected  l^""!?*^*^ 

Head  on 
aperture. 

.7441 
.7440 


493.82  j   .7440 
493.80     .7440 


4.7096 
4.7260 


Experiment  Xo.  58  A. 


Weir 
gauge. 


.902 
.904 
.906 
.907 
.909 
.911 
.912 
.912 
.913 
.914 


Gauge  No.  2. 


.9074 
.9127 


6.970 
7.030 
7.080 
7.130 
7.175 
7.220 


7. 
7.420 


7.2230 

7.3775 


Size  of  aperture,  1.0007  feet  diameter,  round. 
Aperture  submerged. 
Zero  of  gauge  above  weir,  1 .  786  feet. 
Length  of  measuring  weir,  4  feet. 
Temperature  of  water,  71°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.10  feet. 
This  aperture  was  In  the  bottom  of  the  flume  with 
its  top  surface  0.457  feet  above  the  weir. 

Leakage,  Cubic  Feet  per  Minute. 


leakage. 


Discharge  Correct'n  corrected  ^°"ff*^"^    Head  on 
'^minut^^    o7leve!:    -^-^-g-    hS.    /P-*-- 


059.45 
665.12 


1.03 
.51 


660.48 
665.63 
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EXPERIMEXT   No.    58   B. 


■nrgjj,  "    Size  of  aperture,  1.0007  feet  diameter,  round.    Aper- 

'GaugeNo.2.   ture  submerged.   Zero  of  gauge  above  weir,  1.786  feet. 
^     ^  •  ,  Length  of  measuring  weir,  10  feet.    Temperature  of 

jwater,  71°  Fahr.     Height  of  water  on  weir  for  leakage, 
0.11  feet.     This  aperture   was  in  the  bottom   of  the 
7.510        flume  with  its  top  surface  0.457  feet  above  the  weir. 


.495 
.495 
.495 
.495 


7.510 
7.505 
7.507 
7.507 
7.505 


Leakage,  Cubic  Feet  peb  Minute. 


Observed 
leakage. 


[  Correction 

(for   diff.   of 

■weir. 


True 
leakage. 


Discharge  Correct'n    r>^^^„i-^^ 
cu.  ft.  per    for  diff.   '  Corrected 


minute,      of  level. 


discharge. 


Corrected 

weir 
height. 


Head  on 
aperture. 


Experiment  No. 


8  40 
41 
42 

.549 
.5=. 
.551 
..5515 
.552 
.552 
.5525 
.553 
.553 
.554 
.554 

10.690 
10.735 
...,,5 
10.810 
10.840 
10.870 
10.895 
10.915 
10.935 
10.950 
10.965 

Size  of  aperture,  1.0007  feet  diameter,  round.    Aper- 
ture submerged.   Zero  of  gauge  above  weir,  1.786  feet. 
Length  of  measuring  weir,  10  feet.     Temperature  of 
water,  71°  Fahr.    Height  of  water  on  weir  for  leakage, 
0.13  feet.    This  aperture  was  in  the  bottom  of  the 
flume  with  its  top  surface  0.457  feet  above  the  weir. 

f         43 

1 

Leakage,  Cubic  Feet  peb  Minute. 

"i     « 

1 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

47 
48 

jMean 

1 

1                  a 

20.76 
20.76 

—.19 
—.19 

20.57 
20.57 

49 
50 

Discharge 
cu.  ft.  per 
minute. 

Correct'n 
for  diff. 
of  level. 

Corrected 
discharge. 

Corrected 

weir 

height. 

Head  on 
aperture. 

Mean 

a 

.5520 
.5520 

10.8527 
10.8537 

810.36 
810.36 

.38 
.25 

810.74 
810.61 

.5522 
.5521 

12.0867 
12.0877 

EXPERIMEXT    N 

0.   6(1. 

9    8             .585 
9              .585 
10              .585 

13.010 
13.025 
13.037 
13.048 
13.057 
13.063 

Size  of  aperture,  1.0007  feet  diameter,  round.  Aper- 
ture submerged.   Zero  of  gauge  above  weir,  1.786  feet. 
Length  of  measuring  weir,  10  feet.    Temperature  of 
water,  71°  Fahr.    Height  of  water  on  weir  for  leakage, 
0.15  feet.   This  aperture  was  in  the  bottom  of  the 
^  flume  with  its  top  surface  0.457  feet  above  the  weir. 

Leakage,  Cubic  Feet  per  Minute. 

12  .5855 

13  .585 

Observed 
leakage. 

Correction 

for  diflf.  of 

weir. 

True 
leakage. 

14              .585 

13.008 
13.072 

Mean 

24.87 

—.17 

24.70 

.080 

Discharge 
cu.  ft.  per 
minute. 

"ior'Ifff"   Corrected' Corrected   ^^^^^^^ 
oTle^i.    ^-»^-g-    height.   I'^P-*-- 

Mean 

.5851 

13.0475      ;      883.74 
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EXI'KUIMENT     X<>.    Gl. 


9  ;u 
32 


9  50 
51 


Weir 
gauge. 

.013 
.6135 
.614 
.615 
.GU 
.CU 
.6U 
.6U 
.615 
.6U 


Gauge 

No.  2. 


15.090 
15.097 
15.103 
15.110 
15.115 
15.120 
15.125 
15.125 
15.125 
15.127 


Size  of  aperture,  1.0007  feet  diameter,  round. 
Aperture  submerged. 
Zero  of  gauge  above  weir,  1 .  786  feet. 
Length  of  measuring  weir,  10  feet. 
Temperature  of  water,  71°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.17  feet. 
This  aperture  was  in  the  bottom  of  the  flume  with 
its  top  surface  0.457  feet  above  the  weir. 


Leakage,  Cubic  Feet  pek  Minute. 


Observed 
leakage. 


Correction  !       „_„. 
fordiff.of  ,     ,^P-f 
weir.  lealiage. 


—  .18 
—.18 


Discharge  Correct'n  ri„„„„„+„i,  Corrected 
cu.ft.per     fordifif.    9:°/„^j-™       weir 
minute,      of  level.    «"8cnarge.    j^ejgj^j^ 


.6140 
.6142 


15.1137 
15.1245 


949.47 
949.93 


949.55 
949.93 


.6140 
.6142 


Head  on 
aperture. 


16.2851 
16.2963 


Experiment   'No.  62. 


Size  of  aperture,  1.0007  feet  diameter,  round. 
Aperture  submerged. 
Zero  of  gauge  above  weir,  1.786  feet. 
Length  of  measuring  weir,  10  feet. 
Temperature  of  water,  71=  Fahr. 
Height  of  water  on  weir  for  leakage,  0.21  feet. 
This  aperture  was  in  the  bottom  of  the  flume  with 
its  top  surface  0.457  feet  above  the  weir. 


Leakage,  Cubic  Feex  peb  Minute. 


Observed 
leakage,     i 


Correction  ;       „,.„„ 
fordiff.of       ,  V"'' 
weir.       !     leakage. 


Discharge  Correct'n 
cu.  ft.  per  for  diff. 
minute,      of  level. 


discharge. 


weir 
height. 


aperture. 


Experiment  No. 


Weir 
gauge. 


.901 
.904 


Size  of  aperture,  1.0000833  feet  square. 
Aperture  submerged. 
Zero  of  gauge  above  weir,  1.806  feet. 
Lengtli  of  measuring  weir,  10  feet. 
Temperature  of  water,  71=  Fahr. 
Height  of  water  on  weir  for  leakage,  0.06  feet. 
This  aperture  was  in  the  bottom  of  the  flume  with 
its  top  surface  0.441  feet  above  the  weir. 


Experiment    Xo.   63. — {Conlinued.) 


11  9 
10 
11 
12 
13 
14 
15 


Gauge  No.  1. 


Leakage,  Cubic  Feet  pek  Minute. 


.370 
.370 
.370 
.3695 


leakage. 


Correction  !       t,„„„ 


5.97 
5.96 
5.97 


—  .29 
—.29 

—  .29 


5.68 
5.67 
5.68 


Discharge  Correc^n  ! Corrected  ^""ff*^"^  Head  on 
cu.ft.pei-  for  dm.  ,ii<,„>,„_„p  weir  I  on<.-f„rf> 
minute,  i  of  level,    discharge.     jjgjgjjj._     aperture. 


8864 
8750 


444.73 
445.45 
446.35 


444.90 
445.45 
446.35 


2.3234 
2.3120 
2.3253 


Experiment  No.  64. 


11  33 

.437        ! 

34 

.438 

35 

.439 

36 

.440 

37 

.441 

38 

.441 

.39 

.442        j 

f         40 

.444 

41 

.444        ( 

42 

.444 

I         43 

.444 

2.485 
2.513 
2.540 
2.568 


Size  of  aperture,  1.0000833  feet  square. 
Aperture  submerged. 
Zero  of  gauge  above  weir,  1 .  806  feet. 
Length  of  measuring  weir,  10  feet. 
Temperature  of  water,  71°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.07  feet. 
This  aperture  was  iu  the  bottom  of  the  flume  with 
its  top  surface  0.441  feet  above  the  weir. 


Leakage,  Cubic  Feet  per  Minute. 


Observed 
leakage. 


leakage. 


2-616  Mean 

2-632  a.... 

2.647         -^=-  — "     —  ■ 


8.11 
8.19 


—  .26 
—.26 


.4413  2.5528 

.4440      i         2.6235 


Discharge 
cu.ft.per 
minute. 

Correct'n 
for  ditr. 
of  level. 

Corrected 
discharge. 

Corrected 

weir 

height. 

Head  on 
aperture. 

580.56 
685.86 

.63 

581.09 
586.86 

.4416 
.4440 

3.9178 
3.9855 

Experiment  No.  65. 


Time. 

Weir 
gauge. 

Gauge  No.  2. 

H.  M. 

12'  1 

.558 

6.515 

2 

.559 

6.580 

3 

.560 

6.645 

4 

.562 

6.700 

5 

.564 

6.750 

Size  of  aperture,  1.0000833  feet  square. 
Aperture  submerged. 
Zero  of  gauge  above  weir,  1.786  feet. 
Length  of  measuring  weir,  10  feet. 
Temperature  of  water,  71^  Fahr. 
Height  of  water  on  weir  for  leakage,  0. 10  feet. 
This  aperture  was  in  the  bottom  of  the  flume  with 
its  top  surface  0.441  feet  above  the  weir. 
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Experiment  Xo.  65. — [Continued.) 


Time. 

Weir 
gauge. 

Gauge  No.  2. 

Leakage,  Cubic  Feet  per  Minute. 

H.  M. 

12    6 

1 

.566 
.566 
.5665 
.567 
.568 
.568 

6.795 
6.830 

6.893 
G.920 
6.940 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

8 
9 
10 

Mean 

a 

13.69 
13.97 

—.25        1        13.44 
—  .25                 13.72 

11 

Discharge  Correct'n 
cu.  It.  per    for  cliff, 
minute,      of  level. 

Corrected 
discharge. 

Corrected 

weir 

height. 

Head  on 
aperture. 

Mean 

.5640 

.5669 

6.7665 
6.8735 

836.73 
843.14 

7fi 

837  49 

5643 

7  9885 

a 

.30 

843.44 

.5669 

8.0926 

Experiment  No. 


1  14 

15 
16 
17 

18 
19 
20 

.640 
.640 
.640 
.6405 
.640 
.640 
.640 
.640 

■ 

10.430 
10.430 
10.430 
10.430 

io.4ao 

10.432 
10.430 
10.430 

Size  of  aperture,  1.0000833  feet  square.    Aperture 
submerged.    Zero  of  gauge  above  weir,  1 .  786  feet. 
Length  of  measuring  weir,  10  feet.    Temperature  of 
water,  72°  Fahr.   Height  of  water  on  weir  for  leakage, 
0 .  13  feet.    This  aperture  was  in  the  bottom  of  the 
flume  with  its  top  surface  0.441  feet  above  the  weir. 

Leakage,  Cubic  Feet  peb  Minute. 

Observed 
leakage. 

Correction 

for  diff.  of 

weir. 

True 
leakage. 

Mean 

20.00 

—.23 

19.77 

Discharge  Correct'n 
cu.  ft.  per    for  diff. 
minute,      of  level. 

Corrected 
discharge. 

Corrected 
weir 
height. 

Head  on 
aperture. 



Experiment  No.  6V. 


1  41 
42 
43 


13.210 
13.215 
13.220 
13.223 
13.222 


Size  of  aperture,  1 .  0000833  feet  square.  Aperture 
submerged.  Zero  of  gauge  above  weir,  1.786  feet. 
Length  of  measuring  weir,  10  feet.  Temperature  of 
water,  72=  Fahr.  Height  of  water  on  weir  for  leakage, 
0.15  feet.  This  aperture  was  in  the  bottom  of  the 
flume  with  its  top  surface  0.441  feet  above  the  weir. 


Leakage,  Cubic  Feet  pee  Minute. 


Observed 
leakage. 


Correction 

for  diff.  of 

weir. 


Discharge 
cu.  ft.  per 
minute. 


Correct'n 
for  difl". 
of  level. 


Corrected 
discharge. 


Corrected  I  ^^^^^^ 

hrght.  i^p^^t^'-^- 
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Experiment  No.   68. 


Time. 

Weir 
gauge. 

Gauge  No.  2. 

Size  of  aperture,  1.0000833  feet  square. 
Aperture  submerged. 
Zero  of  gauge  above  weir,  1.786  feet. 
Lengtli  of  measuring  weir,  10  feet. 
Temperature  of  water,  72=  Fahr. 
Height  of  water  on  weir  for  leakage,  0.17  feet. 
This  aperture  was  in  the  bottom  of  the  flume  with 
its  top  surface  0.441  feet  above  the  weir. 

H.  M. 

2    2 
3 
4 

.719 
.721 
.720 
.720 
.719 
.720 
.721 
.721 
.721 
.7215 

15.155 
15.155 
15.1.55 
15.157 
15.160 
15.1.55 
15.155 
15.152 
15.153 
15.153 

6 

I                Leakage,  Cubic  Feet  pee  Minute. 

7 

1    Observed     ^"T^^'l'i  1        True 
leakage.       ^\^^-^  "^  ,     leakage.    ^ 

9 
10 

Mean 

29.85       1      —.20        j        29.65 

11 

Discharge  Correct'n 
ou.  ft.  per    for  diff. 
minute,      of  level. 

Corrected  Corrected    jj^^^^^ 
discharge.!    ijgj|^\       aperture. 

Mean 

.7203             15.1550 

1203.82  j         .17 

1203.99 

.7204         16.2207 

i 

Experiment  No. 


f  2  18 

i  10 

I 

-i  20 

I  .. 

[  22 

23 

f  24 

!  25 

1 

1  26 


.753 
.754 
.753 
.754 
.755 
.750 
.755 
.755 
.754 


.7.537 
.7547 
.7538 


17.427 
17.423 
17.423 
17.425 
17.427 
17.350 
17.440 
17.445 
17.445 


17.4217 
17.4433 
17.4230 


Size  of  aperture,  1.0000833  feet  square.  Aperture- 
submerged.  Zero  of  gauge  above  weir,  1.786  feet. 
Length  of  measuring  weir,  10  feet.  Temperature  of 
water,  72°  Fahr.  Height  of  water  on  weir  for  leakage, 
0.19  feet.  This  aperture  was  in  the  bottom  of  the- 
flume  with  its  top  surface,  0.441  feet  above  the  weir. 


Leakage,  Cubic  Feet  pee  Minute. 


Observed 
leakage. 


Correction 

for  diflf.  of 

weir. 


leakage. 


—.21 
—.21 
,-.21 


37.73 
37.92 
37.73 


Discharge 

|cu.  ft.  per 

minute. 

1287.65 
1290.19 
1287.90 


Correct'n 
for  diflf. 
of  level. 


Corrected 
discharge. 


1287.74 
1289.81 
1288.28 


Corrected 

weir 

height. 


Head  on 
aperture. 


.7537  18.4540 
.7540  '  18.4746 
.7539     i     18.4552 


Experiment  No.  10. 


gauge. 

Gauge  No.  1. 

.540 

1.712 

.544 

1.737 

.548 

1.7G0 

.5485 

1.778 

Size  of  aperture,  1.0000833  feet  square. 
Aperture  submerged  with  curved  approach. 
Zero  of  gauge  above  weir,  1 .806  feet. 
Length  of  measuring  weir,  10  feet. 
Temperature  of  water,  72°  Fahr. 
Height  of  water  on  weir  for  leakage,  0.07  feet. 
Top  of  plate  above  weir,  0.441  feet. 
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Experiment  No.  70. — {Continued.) 


Time. 

Weir 
gauge. 

Gauge  No.  1. 

Leakage.  Cubic  Feet  per  Minute. 

H.  M. 

3  12 
13 
14 

r     15 

.550 
.551 
.551 
.552 
.552 
.552 

1.793 
1  802 

Observed 
leakage. 

Correction 

for    diff.   of 

weii'. 

True 
leakage. 

1.810 
1.818 

Mean 

7.20 
7.24 

—.40 
-.40 

6.80 

a 

6.84 

I         17 

1.820 
1.820 

Discharge  Correct'n 
cu.  ft.  per    for  diff. 
1   minute,     of  level. 

Corrected 
discharge. 

Corrected 

weir 
height. 

Head  on 
aperture. 

jlean  

.5494 
.5520 

1.7850 
1.8193 

804.69     j           .51 

805.20 

.5496 

3.0416 

a 

810.36     1 

810.36 

.5520 

3.0733  ■ 

.677 
.678 
.6785 
.679 


Experiment  No.  71. 


4.600 
4.610 
4.619 
4.624 
4.629 
4.636 


I 

49 

.679 

4.643 

f 

50 

.680 

4.648 

"1 

51 

.678 

4.652 

1 

52 

4.657 

Mean.. 

.6785 

j        4.6318 

a 

.6793 

1        4.6523 

to 

'         .6790 

4.6360 

Size  of  aperture,  1.C000833  feet  square. 
Aperture  submerged,  with  curved  approach. 
Zero  ot  gauge  above  weir,  1.806  feet. 
Length  of  measuring  weir,  10  feet. 
Temperature  of  water,  72^  Fahr. 
Height  of  water  on  weir  for  leakage,  0.08  feet. 
Top  of  plate  above  weir,  0.441  feet. 

Leakage,  Cubic  Feet  per  Minute. 

/-vv  „™„,i       Correction   il       rp„„„ 
Observed     »»     ^,~.      f}       Irue 

leakage.     /"^^  ^X".        i     ^^^^^S^" 


10.24 
10.26 
10.25 


—  .37 

—  .37 
—.37 


Discharge  Correct'n    corrected  °°y,y!f*®^!  Head  on 


cu.  tt.  per  for  diff.  of 
minute.        level. 


1101.50 
1103.43 
1102.71 


discharge. 


weir 
height. 


1101.75 
1103.43 
1102.90 


5.7593 
5.7790 
5.7630 


Experiment  No  72. 


Weir 
gauge. 


.829 


Gauge  No.  2. 

9.445 
9.495 
9.535 


12  :         .831  9.565 

13  .8315      '        9.593 

14  :         .832        1        9.015 


Size  of  aperture,  1.0000833  feet  square. 
Aperture  submerged,  with  curved  approach. 
Zero  of  gauge  above  weir,  1.786  feet. 
Length  of  measuring  weir,  10  feet. 
Temperature  of  water,  72'  Fahr. 
Height  of  water  on  weir  for  leakage,  0.12  feet. 
Top  of  plate  above  weir,  0.441  feet. 
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ExPERiMEXT  No.  12.— {Continued.) 

Time. 

gYuTe.       «-geNo.2. 

Leakage,  Cubic  Feet  pee  Minute. 

Observed 
leakage. 

Correction 

for  difif.  of 

weir. 

True 

H.  M. 

r  4  15 

1       IS 

1         1'^ 

.834        !        9.630 
.835                 9.647 
.833                9.655 
.835        !        9.675 

1 

leakage. 

Mean 

a.... 

18.53 
18.64 

-.31 
—.31 

18.22 
18.33 

[     « 

"^T^l  "fri?^."^  ^--fd  'c--ted  ' 
minute,  i  of  level.    discHarge.,    ^^^.^^^^     aperture. 

Mean 

a .... 

.8317 
.8342 

9.5855 
9.6517 

1490.25            .57           1490.82          .8319     \     10.5398 
1496.90            .25           1497.15  :       .8343         10.6035 

Experiment  No. 


12.690 
12.690 
12.693 
12.695 
12.695 
12.700 
12.705 


Size  of  apertuie,  1.0000833  feet  square.  Ax^erture 
submerged,  with  curved  approach.  Zero  of  gauge 
above  weir,  1 .  786  feet .  Lengtli  of  measuring  weir,  10 
feet.  Temperature  of  water,  72"  Fahr.  Height  of 
water  on  weir  for  leakage,  0.15  feet.  Top  of  plate 
above  weir,  0.441  feet. 


Leakage,  Cubic  Feet  peb  Minute. 


Observed 
leakage. 


Correction 

for  diflf.  of 

weir. 


True 
leakage. 


Discharge  Correcfn  p.™„.^„fl 
cu.ft.per  for  diflf.  5.°"^5*_ 
minute,     of  level,    discharge. 


Corrected  | 
weir 
height 


Head  on 
aperture. 


Experiment  No.  74. 


1.007 
1.008 
1.006 
1.005 
1.008 
1.006 
1.008 
1.008 
1.005 
1.005 
1.006 


17.485 
17.485 
17.480 
17.480 
17.410 
17.460 
17.430 
17.430 
17.420 
17.415 
17.420 


Size  of  aperture,  1.0000833  feet  square.  Aperture 
submerged,  with  curved  approach.  ZercJ  of  gauge 
above  weir,  1.786  feet.  Length  of  measuring  weir, 
10  feet.  Temperature  of  water,  72^  Fahr.  Height  of 
water  on  weir  for  leakage,  0.21  feet.  Top  of  plate 
above  weir,  0.441  feet. 


Leakage,  Cubic  Feet  per  Minute. 


leakage. 


leakage. 


Discharge  Correcfn  LorrprtPd  Corrected     „     , 
cu.ft.per,   fordiff.    1$^*^^        weir      ;  .^^i^  °e 
minute,     of  level,  {discharge,    i^eig^t.      aperture. 


1.0065 
1.00G3 


17.4468   I  1976.89 
17.4383     1970.31 


1976.89   1.0065    18.2263 
1976.31   1.0063    18.2180 
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True  discbarge, 

cubic  I'epl  per 

miuute. 


Head  on  bottom 
of  aperture. 


=     00 


c.      <r.      C-. 


Leakage, 

cubic  feet  per 

minute. 


Discharge,  c-i     c5     ci     c'l 

cubic  ffet  per         =.     =r     =?     °. 
minute,  h. 


Diacbarge, 
cubic  feet  per 
minute,  H  -{-  h. 


5:     ^ 


Head  due  to  S     g     3     g 

vel(  city  =  h.    ,      ==.■=:     =     °. 


,H         (M         CO 


Velocity  ot  ,^     ^     ^     .^ 

approacb,       I      "^     "^     "^     '^. 
feet  per  second. 


Corrected  depth!      I     ?     I     g 
=  H.  !      ".     ^.     "^     '^ 


Correcliou  for 

difference  in 

basin. 


cc 

S 

0 

d 

II 

: 

tt 

^ 

tN 

S 

U* 

Mean   depth   on 


o      o      —      c 

O        «        IVI        o 


Length  of  weir  i      o     =     o     o 

in  fest.  I      ,-,,-,-,     rH 


Kumber  of      j      „     ^     5,, 
exjieriments.    j      -^ 


c       c 

S     £ 
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True  discharge,      '^.     "=1 
cubic  feet  per  I    ?5     5? 
minute. 


Mean  head 

on  centre  of 

aperture. 


o       S 


S      §      S      o 
o      o      b      o 


O         CO         O         CS 


o      o      o 


o      o      o      o      o 


Leakage,  g     g 

cubic  feet  per       o     d 

minute.  ^     ^ 


Discharge, 

cubic  feet  per 

minute,  h. 


Discharge, 
cubic  feet  per 
minute,  H  -f  h. 


Head  due  to 

velocity  =  h. 


Velocity  of 

approach, 

feet  per  second. 


Corrected  depth 


Correction  for 

difference  in 

basin. 


Length  of  weir 
in  feet. 


Number  of 
experiments. 
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^ 

,., 

Q 

0-. 

cc 

o 
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00 

« 
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Coefficient. 

5 

S 
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« 
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00 

in 
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aperture. 
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True  discharge, 

c 
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S 

S 

o 
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Si 
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Difference. 
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i 

Dischiirge, 

s 
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cubic  feet  per 

• 

c 

c 

<= 
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>- 
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minute,  h. 

^ 
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t- 
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Head  due  to 
velocity  =  h. 
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Coefiacieiit. 

1 

i 

i 

i 

[2 

« 

IS 

1 

X 

g 

1 

1 

0I 

1 

s 

0 

i 

Mean  lifiacl 

ou  centre  of 

aperture. 

1 

i 

1 

CO 

^ 

i 

CO 

CO 

i 

! 

1 

?i 

0 
0 

0 

1 

1 

! 

i 

Tnie  discharge, 

cubic  feet  per 

minute. 

§ 

CO 

s 

00 

s 

^ 
g 

0 

s 

?? 
1 

0 
0 

0 

^ 

2 

i 

^ 

i 

0 

2 

0 

0 

0 

Leakage, 

cubic  feet  per 

minute. 

'^ 

^ 

M( 

g 

s 

g 
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^. 

°. 

5 

2 
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g 

?0 

- 
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Difference. 

i 

§ 

m 

?3 

1 

i 

i 

i 

° 

i 

3 

1 

t^ 

g 

II 

§ 

S 

1 

Discharge, 

cubic  feet  per 

minute,  h. 

: 

0 

0 

0 

Discliarge, 
cubic  feef,  per 
minute,  //  +  li. 

1 

i 

i 

i 

s 
g 

0 

10 
0 

3 

i 

i 

C2 

0-- 

cri 

° 

0 

0 

§ 

i 

Head  due  to     I     § 
velocity  =  /(.          ° 


Velocity  of 

approach, 

feet  per  second. 


o      o      o      w 


Corrected  depth      S     g     g     ^     2     t:;     g 

=  H.  I    "^     '-'^     "^     «;«:.«!     « 


Correction  for 

difference  in 

basin. 


Mean  depth  on 
weir  in  feet. 

siissSgiisisii 

2 

1 

0  s 

Length  of  weir 
in  feet. 

- 

0     0 

Number  of 
experiments. 

«^U,«C000O«OWOC;5C 

« 

t- 

CO       0 

97 


Cl  O  I;  S  t- 


o       -H      p      ri      <■■)      cj      ej 


=  O  r-i 


s  s 


S    S    p    s    g 

o    o    1-;    .-1    o 


O        32        ^- 


T-H  r-l  CI 


O         C         OI         CI 

CV         (T.         O         S 


COO 


C        X        o 
ci       ci       O 


O         CS         O 


CI 

Cl 

o 

=; 

CJ 

V. 

1 

g 

o 

5S 

^ 

?? 

^ 

- 

" 

^ 

m 

,_ 

^ 

to 

X 

^ 

5-' 

- 

- 

„ 

.. 

^ 

^- 

° 

° 

° 

^ 

O, 

^ 

• 

1 

t- 

o 

O 

S 

o 

o 

o 

o 

o 

a 

n 

a 

? 

!i 

s 

a 

G 

c 

- 

^f 

^ 

t 

O         O         c?         OD         CI 

3    5    :?    3    i 

Cl         CJ         C)         CO         CO 


OOOt^OrHQOOO 


es      «      t- 


o      o      o 


«      o      -*      ^      in 


o      o      o      c 


ci      m      C5 


-HOC 


I 


c:       c:       CI 


-*      ci       c^ 


o      o      o 


§Rjgs,£gc5£gss,£gap 


98 


C0Q00OCOCJLOt-00-*>O 
lO         IM         O         t-         -43         CO         CO         CI         Ca         to 


s   s? 


Mean  head 

on  centre  of 

aperture. 


O        00        to        o       o 

3     3    S    ?!    5 

to       to       to       t-       t- 


True  discharge, 

cubic  feet  per 

minute. 


Leakage, 

cubic  feet  per 

minute. 


to      o      o 


-*         O         O         O         <-l         CI         tH 

ci      CO      CO       cc      «'      «      CO 


to         O        C5         CO         O         CT         l->        lO 

cit-^Oi-JcJc-^cJto 

b-t-C0n<MOiC5Ci 


Discharge,       \     ^     ^     ^     ^     „ 
cubic  feet  per       °     °     "^     °     ==; 
minute,  h. 


o      o      o      o      o      o 


Discharge,  °     ^     ^. 

cubic  feet  per        "     ?!     c1 
minute,  H  +  /..  |     ®     »     » 


r-(  .H  O 


CO  CO  CO  -^  ^  -^1  -:i 
Head  due  to  §  §  8  §  §  S  § 
velocity  =  /i.        °     °     °     •=     =;     =>.     => 


8    S    §    § 


Velocity  of 

approach, 

feet  per  second- 


to      to      to 


Corrected  depth 


§    3 


1 

i 

s 

to 

e' 

CO 

Correction  for  j     g 

difference  in    i     8 

basin.         i 


Mean  depth  on5gSggS§§S^«« 
weir  in  feet.        "s     «     «     «     >«     o     to     to     to     to     to     to 


Length  of  weii 
in  feet. 

oooooooooooo 

Number  of 
experiments. 

::    .   .   o   .   .   .   t.   o   o   .   . 

s     ,a     3     B 


o      o      o 


O         O         CO 


C)        CI         C5 


CI       ■*       o 


^ 

fc 

g 

^ 

t^ 

^ 

c 

t- 

s 

^ 

§ 

g 

3 

t; 

=^ 

^ 

1   j5 

f: 

§ 

^ 

H 

s 

^ 

• 

• 

• 

■ 

• 

1 

o 

o 

f2 

§ 

§ 

i 

1 

o 

1 

g 

1 

1 

1 

i 

i 

i 

1 

55 

2 
5< 

1 

1 

■* 

^ 

■* 

o 

o 

to 

t- 

» 

o 

o 

rt 

s 

^ 

s 

s 

t- 

c^ 

CT 

o 

to 

"* 

g 

s 

?? 

o 

s 

5 

J? 

S 

2 

s 

s 

g 

g 

s 

- 

g 

s 

?^ 

s 

5 

o 

,■ 

•* 

ni 

o 

« 

rt' 

^ 

•* 

in 

rt 

o 

in 

-^ 

^ 

-" 

^ 

^ 

y 

" 

y 

^ 

^a 

i 

" 

■" 

S 

ii! 

„ 

-* 

01 

sn 

o 

l-H 

s 

« 

rt 

s 

^ 

§ 

?J 

s 

ci 

§ 

55 

s 

w 

^ 

o 

^ 

CO 

^q 

^• 

iil 

^ 

m 

-* 

in 

^ 

t- 

ei 

o 

o 

M 

■-> 

t- 

o 

M 

o 

o 

rt 

^ 

f. 

f_ 

o 

o 

<o 

CO 

s 

ci 

oi 

- 

§ 

o 

,H 

n 

"^ 

CM 

" 

" 

o 

oooooooooooooo 


2    g 


S^OOClt-OOO 


ifi      «       g      cS      £      S      ,0      g      -S      *■      <m"      U)     JS      .N 


B 

. 

r 

es 

Ui 

n      n 

nj 

o 

o 

O         CO 

oo 

t- 

g 

in 

« 

« 

^ 

N 

° 

° 

° 

t_ 

1 

1 

g 

o 

o 

K 

p 

« 

P4 

-* 

"* 

TO 

•>* 

I 

a 

Q 

gj 

o 

S3 

s 

» 

g 

s 

t- 

o 

1 

'A 

^ 

iz; 

100 


00      cq      00      CT     ■-* 


s  s 


Mean  head 

on  centre  of 

ajjerture. 


>0        O         53         O        O         «0         to 


00         00         ^         00         0>         CD 

o      o      CT      cq      <N      «o 
ci      «      •«'      ed      «3      00 


True  discharge  \     ^     ^.     °.     ^.     '1     ^     '='.     °'.     ".     ". 

cubic  feet  jjer    ^^""§§§2°^ 

minute.         I     t      o      ti      -j      F-      t-      oo      o      r.      -. 


Leakage,        i     g     S     5 
cubic  feet  per  |     x     ,*     ^     lo     q     o 
minute.  r-     r 


CT        C»        CT 


Discharge, 

cubic  feet  per 

minute. 


1-1  .*  LO 


I-  >0  c: 
codioooddeocncj 
§§505oS«ooo-.      ?. 


o        -* 

Corrected  depth'     3     o 


Correction  for 
in 


Mean  depth  on  j     ^     g     2     S 
weir  in  feet.  "^     ^     '^     '^ 


O        O        .-I        o 


Length  of  weir       ''-^-^SSSSSSS 
in  feet. 


o       v;      ci 


0         .       p         .....         ■ 

S       '■      V      a       •      3      d       -a 


ei 

a 

s 

3 

i    s    i 

? 

■< 

PQ 

2 

3 

to 

O 

o 

o 

c 

d 

K 

K 

^ 

;zi 

•jz. 

;zi 

.59871 
.60164 
.60044 
.60174 

2.3234 
2.3120 
2.3253 
3.9178 

1 

d 

;i 

439.22 
439.78 
440.07 
573.24 

5.68 
5.07 
5.68 
7.85 

< 

444.90 
445.45 
446.35 
581.09 

i 

o 

i 
i 

3 

1   i 

2 

.3691 
.3695 
.3700 
.4413 

i 

S    2    S    S 

1 

S    "     «    S 

•< 

i ' 

i 
1 

i 

101 


(3»  00  rH  -*  O  ■* 

■*  t-  O  «>  O  00 

,H  in  to  -"K  ^  « 

O  O  O  O  r-(  O 


ill 

ir.      C5      o 


C5  O  t-  T-l  IN 


t-         O         ^J         (M 
<N         ^         -i"         -* 


M  53  CT  to  OS  t-  O 

CO  rH  O  ■*  lO  CO  t- 

W5  O  O  CI  «  CO  CO 

CS  05  O  O  05  O  Ci 


O  CO  CO  O  O  00  «5 
O  O  15  I-  ^  "  ° 
CO   CO   lO   o   o   o   o 


I*    ■*    00 


en     -*    tM 


o   o 


O    0>    O    C2 


O   CO   CI   o   ^   -* 

-*   -*   O   ■n'   C-.   c 

'J"   O   lO   o   o   t- 


O    O    O    O    CO 

S!   55   ■*   oj   o 


^    


o   o   o 


o   o   o   o   o 


o   o   o   o   o 


-H    to    00    O    O    Oi 


^   to      o   -o 


t>lSCUSS10N 

ON     TESTS     AND     TESTING     MACHINEf 
(Continued  from  Vol.  IV,  page  276.) 


Mb.  Thomas  C.  Clakke  : — At  the  time  of  making  the  following  ex- 
periments npon  English  steel  wire,  there  was,  so  far  as  the  writer  knew, 
no  publication  of  tests  of  its  elasticity.  To  ascertain  the  effect  of 
direct  vertical  tension,  a  tower  of  an  unfinished  building  was  used. 
The  ends  of  the  wire  were  carried  over  two  hooks,  719  inches  apart, 
coiled  around  itself,  and  firmly  lashed  with  unannealed  wire  of  about 
No.  20  B.  w.  g.  It  was  found  that  6  or  8  lashings  were  necessary  to 
prevent  the  test  wire  from  drawing  out.  The  upper  hook  was  fastened 
to  a  beam  in  the  tower  ;  a  scale  pan  weighing,  with  test  wire  and  hooks, 
198  pounds,  was  attached  to  lower  end  of  the  wire.  An  index,  with 
needle  point,  was  fixed  to  the  lower  hook,  and  the  elongations  read  on  a 
boxwood  scale,  divided  to  hundredths  of  an  inch,  and  firmly  fixed.  Size 
of  wire  tested.  No.  9  B.  w.  g.,  area  of  section,  0.0166  =  ^o  square  inch; 
18.33  feet  in  length,  weighed  one  pound. 
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(a)  Temperature.  80=  Fahr.  With  the  wire  sustuiuiug  198  pounds  (scale  pan,  kc.)  tlie  index 
was  set  at  zero,  and  additional  weights  applied.  (6)  When  weights  from  the  scale  pan  (600 
pounds)  were  removed,  the  index  returned  to  zero.  (c)  Thermometer  had  fallen  to  70° 
and  the  wire  contracted  0.05  inch,  whence  per  inch  the  contraction  was  0.0000695  and  per  inch 
per  degree,  0.000  00695  inches,  (d)  The  splice  broke,  (e)  A  new  sx^lice  was  made,  leaving  the 
wire  716  inches  long,  at  temperature  68°.  The  weights  were  left  on  4  days;  when  those  from 
scale  pan  (502  pounds)  wore  removed,  the  index  returned  to  0.08,  at  74°  temperature.  A  new 
zero  was  then  taken.  (/)  Left  on  1.5  hours;  when  weights  in  scale  pan  (800  pounds)  were  re- 
moved, the  index  returned  to  zero,  at  74'  temperature,  thus  showing  no  set  at  48  000  pounds 
tension  per  square  inch,  (g)  When  weights  in  scale  pan  (800  pounds)  were  removed,  the  index 
returned  to  1.55,  at  74""  temperature,  whence  permanent  set  was  0.35  at  96  000  pounds  tension 
per  square  inch.      (A)  The  wire  broke  slowly— tension  174  960  pounds  per  square  inch. 
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CXIX. 

ERECTION  OF  THE  VERRUGAS  BRIDGE. 

A  Paper  by  L.  Leffekts  BufK.  C.  E. ,  Member  of  the  Society. 
Eead  December  1st,  1875. 

lu  an  artic-le  from  the  Railroad  Gazette,  September  lltli,  1875,  lieadecl 
"Rapid  Renewal  of  Bridges,"  appears  an  extract*  giving  inquiries  made 
by  Mr.  J.  Dutton  Steele,  regarding  the  plan  of  erection  of  the  Verrugas 
Bridge.  I  was  in  charge  of  the  work  as  engineer,  from  the  laying  of 
the  first  stone  to  completion.  The  j^lans  followed  in  its  erection  were 
my  original  design.  Articles  have  appeared  in  different  papers  at 
various  times  describing  the  work  ;  but  none  that  I  have  over  seen  gave 
a  veiy  clear  idea  of  the  manner  in  which  it  was  handled,  or  of  the  diffi- 
culties encountered.     Hence,  I  present  the  following: 

The  Verrugas  Bridge  is  situated  on  the  Lima  &  Oroya  R.  E. ,  in  Peru, 
S.  A.,  51.8  miles  from  Callao.  The  mean  elevation  of  its  grade  line  above 
sea  level  is  5  836  feet.  The  ravine  or  quebrada,  which  it  crosses,  fur- 
nishes a  channel  for  a  very  small  stream  or  rill,  which,  coming  from  the 
mountains  by  a  rapid  descent,  and  flowing  nearly  northward,  is  dis- 
charged into  the  Rimac  river,  about  800  feet  north  of  the  bridge. 

The  earth  in  the  vicinity  of  the  bridge  is  a  sort  of  concrete.  The 
west  side  is  the  hardest,  and  is  composed  of  water- washed  granite,  bould- 
ers, cobblestones  and  pebbles,  very  closely  packed,  and  the  interstices 
filled  with  a  cementing  material,  which,  undisturbed,  is  very  hard.  It 
requires  blasting  for  its  removal.  The  east  side  is  not  quite  so  hard, 
having  some  streaks  of  bluish  clay  ;  but  it  is  pretty  thoroughly  mixed 
with  rough   stones  resembling  in  texture  the    "blue  stone"  of  which. 


*  From  Transactions,  Vol.  IV,  page  20G. 
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curbs  are  made  in  New  York.  It  is  very  compact  and  furnishes  a  good 
foundation,  especially  in  a  dry  climate  like  that  at  Verrugas.  The  sides 
of  the  ravine  are  very  rugged. 

DnviENSiONs  or  the  Bridge. — The  bridge  consists  of  three  iron  piers, 
four  iron  spans  and  two  stone  abutments  ;  in  height,  pier  No.  1  is  179 
feet,  No.  2,  252  feet,  and  No.  3,  146  feet ;  the  abutments  are  42  feet  each, 
span  No.  1  is  125  feet,  and  spans  Nos.  2,  3  and  4  are  each  100  feet  long. 
The  total  length  of  bridge  from  centre  to  centre  of  end  pins,  is  575  feet  ; 
of  which  425  feet  is  made  up  by  the  four  spans,  and  the  remaining  150 
feet  by  tlie  tliree  piers.     The  spans  are  all  "  deck,"  with  Fink  trusses. 

Each  i^ier  is  composed  of  three  transverse  bents,  of  four  columns  in 
each  bent,  making  twelve  in  each  pier.  Each  column  is  supplied  with  a 
oast  iron  foot,  resting  uj^on  a  firm  i^edestal  of  granite  masonry  ;  each 
pedestal  having  an  area  of  base  and  depth  proportionate  to  the  nature  of 
the  soil  in  which  it  is  ]placed.  The  piers  are  built  up  in  sections  or 
stories  of  25  feet  each.  At  each  joint  is  a  casting  with  a  tenon  on  each 
end.  This  casting  forms  the  joint  connecting  the  pieces  of  the  column, 
and  the  intersections  of  the  latter  with  the  transverse  and  longitudinal 
struts,  and  the  tie  rods  by  which  the  pier  is  braced.  All  cohimus  are 
what  is  well  known  as  the  "Ph(jenix." 

■  The  bridge  has  a  grade  of  3  per  cent.  Provision  is,  however,  made  by 
which  aU  wall  plates,  bridge  seats  and  roller  beds  are  level. 

Laying  out  the  Wokk. — There  would  have  been  considerable  risk  of 
error  in  locating  centres  of  piers  and  abutments  by  direct  measurement. 
I  therefore  first  located  them  by  triangulation  ;  setting  two  monuments 
opposite  each  point,  at  right  angles  to  the  bridge  line.  Then  finding  a 
piece  of  level  ground,  I  measured  off  a  line  ;  xiutting  in  stakes  correspond- 
ing'to  abutment  faces  and  pier  centres.  Over  this  was  stretched  a  small 
flat  steel  wire,  with  one  end  made  fast,  and  the  other  passed  over  a  pully, 
and  having  a  weight  attached  to  this  wire,  vertically  over  each  stake,  a 
tag  was  secured.  The  whole  apparatus  was  then  taken  down  and  the 
wire  stretched  across  on  centre  line  of  bridge.  Next,  by  setting  up  the 
transit  opi^osite  each  point,  sighting  to  these  tags,  and  then  plunging  the 
telescoije,  an  accurate  correction  of  distances  was  made. 

Ebection  of  the  Iron-Work. — As  the  original  plans  and  apparatus  for 
erecting  the  iron-work  have  been  described  in  -other  articles  and  are 
pretty  well  understood  by  mechanical  engineers,  it  is  unnecessary  to 
speak  of  them  here.  I  believe  the  only  difficulty  in  using  them,  would 
have  arisen  in  getting  the  material  for  the  piers  and  the  two  middle  spans 
down  into  the  bottom  of  the  ravine,  and  then  having  to  hoist  it  all  to  the 
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various  pt)sitious  the  })iec'es  were  to  occupy.  I  do  not  thiuk  that  there  could 
be  the  least  doubt  as  to  their  safety.  They  were,  however,  abandoned  and 
my  own  plan  (as  below  described)  adopted. 

A  sketch  (Fig.  1)  shows  a  side  elevation  of  the  work  in  progress  ;  to- 
gether with  the  cables,  temporary  span,    etc.,  and  an  other  (Fig.  2.),  a 


transverse  view  of  the  top  section  of  one  of  the  piers,  showing  end  view 
of  temi)orary  span.  A  and  I)  are  two  wooden  towers,  standing  on  the 
grounrl  just  back  of  the  abutments,  and  having  a  height  of  30  feet. 
These  towers  su^jported  two  sets  of  wire  cables — one  set  vertically  over 
each  truss  line.  The  ends  of  the  cables  were  securely  anchored  to  sticks 
of  timber  set  in  the  ground  outside  of  the  towers.  The  position  of 
the  cables  at  the  beginning  of  the  work  is  shown  by  dotted  line  c. 
Each  cable  was  supplied  with  a  traveler,  h,  to 
Avhich  was  attached  a  set  of  block  tackle, 
whose  "  fall  "  end  was  passed  over  tower  2), 
and  on  to  the  drum  of  a  Avinch  at  E.  When 
the  tackle  was  loaded,  the  strain  on  the  fall 
was  sufficient  to  haul  the  traveler  out,  A  tail 
rope  laassed  from  the  back  end  of  the  traveler 
over  the  top  of  tower  A  and  around  a  cleet, 
near  which  a  man  was  stationed  for  the  jour- 
pose  of  paying  out  or  hauling  in  as  was  re- 
quired, a'  and  a"  show  the  laositions  of  a  third 
tower  used  as  the  work  progressed,  for  the 
purpose  of  shortening  the  span  of  cables  ;  c"  and  c"  the  respective  posi- 
tions of  the  cables.  H  represents  the  temporary  span  used  to  support 
the  iron-work  of  permanent  spans  while  they  were  being  put  together. 
This  temporary  .span  was  not  used  till  after  all  the  piers  and  span 
No.  1  were  completed.  It  was  constructed  as  follows  :— Chords  and 
posts  of  yellow  pine  ;   chains  of  round  iron  rods  ;  lateral  and  diagonal 
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onal  bracing  of  wood.  Its  -width  was  such  as  to  allow  it  to  pass  between 
the  inner  columns  of  the  to^j  section  of  the  piers,  by  leaving  out  the  diag- 
onal tie  rods  of  the  section  as  shown  (Fig.  2). 

The  materials  for  the  bi'idge  were  unloaded  from  the  trains  at  the 
west  or  Lima  end  of  the  bridge. 

In  erecting  pier  No.  1,  the  columns,  struts,  ties,  &c.,  were  moved  on 
"push  cars"  to  the  abutment,  where  they  were  put  together — one  pair 
of  columns  at  a  time  with  their  joint,  castings,  transverse  strut  and  tie 
rods.  A  piece  of  plank  was  lashed  across  the  lower  ends  of  the  columns 
to  steady  them.  The  blocks  were  then  lowered  from  the  travelers  and 
made  fast  to  the  upper  ends  of  the  columns ;  when  the  men  at  the  winches 
raised  the  load  clear  of  the  abutment,  the  tail  ropes  were  paid  out, 
the  columns  thus  carried  out  over  the  pier  and  set  standing  in  i^osition 
ready  for  bracing. 

After  pier  No.  1  was  complete,  span  No.  1  was  laid  in  position,  on  a 
scaffolding  built  xvp  from  the  ground.  Tower  a'  was  then  set  up,  and  the 
material  for  the  other  piers  run  out  and  put  together  in  front  of  a'.  Pier 
No.  3  was  erected  next,  and  pier  No.  2  last. 

The  three  100  foot  spans  were  laid  on  the  temporary  span.  As  soon 
as  one  of  these  was  swung  mp,  the  temporary  span  was  moved  forward  to 
the  next  opening  ;  the  forward  end  being  carried  by  the  travelers,  and 
the  back  on  the  iron-work.  This  operation  was  repeated  for  each  of  the 
spans. 

The  time  taken  to  erect  the  iron-work  was  three  and  one  half  months. 
Everything  worked  satisfactorily.  Not  a  man  was  seriously  injured  ;  and 
the  only  casualty  was  the  falling  of  one  piece  of  column  by  getting  loose 
from  the  strap.  It  struck  on  a  stone  and  was  badly  broken  ;  but  was, 
however,  repaired  in  such  a  way  as  to  be  as  strong  as  ever. 

The  excellent  manner  in  which  the  work  went  together  is  evidence  of 
the  great  care  taken  by  the  constructors*  who  furnished  it,  of  their  at- 
tention to  the  minutest  details  of  the  plans,  and  of  their  thorough 
inspection  of  the  work. 
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NOTES  AXD  SUGGESTIONS  OX  THE 

CROTOX  WATER  WORKS  AND  SUPPLY,  FOR  THE  FUTURE. 

A  Paper  by  Benjamin  S.  Church,  C.  E.,  Member  of  the  Society. 
Rkad  Febbuaky  2lI,  1876. 


Note.— The  following  comments  are  not  intended  to  detract  from  the  merits  of  one  of  the 
greatest  achievements  of  modern  engineering,  or  in  anywise  to  underrate  the  masterly- 
ability  displayed  and  remarkable  success  achieved,  in  the  plans  and  construction  of  the 
Croton  Aqueduct.  The  wonder  is,  that  so  few  oversights  occurred  to  challenge  criticism, 
and  now,  after  the  lapse  of  over  thirty  years,  these  suggestions  are  simply  offered  to  carry 
forward  to  fuller  perfection,  the  work  as  it  at  present  stands. 

Pbeliminaky.— The  Croton  Aqueduct  is  constructed  of  hydraulic 
cement  masonry  and  lined  inside  with  brick.  The  sketch  on  next  page 
shows  in  section  the  general  form,  which  is  slightly  varied  in  earth  and 
rock  tunnels. 

The  maximum  grade  of  the  aqueduct  is  1.1088  feet  per  mile  mth  the 
following  variations,  viz. :  at  Croton  dam,  where  for  5  miles  the  fall  or 
grade  is  about  7  inches  per  mile;  at  High  Bridge  and  Manhattan  valley 
where  the  water  is  conducted  across  in  pipes,  and  a  slightly  increased 
fall  given  to  overcome  friction,  and  from  Manhattan  valley  to  the  reser- 
voir in  Central  Park,  a  distance  of  2  miles,  where  the  grade  is  9  inches 
to  the  mile.  A  considerable  i)ortion  in  crossing  streams  and  ravines, 
about  5  miles  in  the  aggregate,  rests  on  rubble  stone  foundations,  built 
up  without  mortar,  and  upon  these  one  foot  of  hydrauUc  concrete  was 
laid,  forming  the  grade  plane  sustaining  the  aqueduct  structure.  Entirely 
covering  this  and  its  foundations,  are  earth  embankments  with  outside 
sloping  walls,  the  object  being  protection  from  frost,  also  to  assist  in 
balancing  water  pressure  in  the  aqueduct. 

Now,  on  all  these  embankments,  one  hundred  and  twenty-five  in  num- 
ber, varying  from  100  to  14  000  feet  in  length  and  from  10  to  40  feet  in 
height,  the  masonry  enclosing  the  column  of  water  has  not  proved  of 
sufficient  strength  to  resist  lateral  hydraulic  pressure  of  fuU  water  flow, 
and  the  friction  from  minute  but  constant  movement  always  existing  in 
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dry  foundations.  In  some  places,  these  foundations  have  settled  and  dis- 
turbed the  even  bed  of  support  of  the  aqueduct,  especially  as  the  ten- 
dency of  this  settlement  is  to  spread  the  wall  ;  consequently  on  all  these 
embankments  between  Croton  dam  and  the  city,  the  aqiieduct  has  spUt 
longitudinally  through  top  and  bottom,  being  torn  asunder  by  the  above- 
mentioned  forces,  causing  leaks  of  more  or  less  serious  nature.  Some  of 
these  leaks  during  a  sudden  and  severe  change  of  weather  become  so 
alarming  as  to  make  it  necessary  to  shut  off  the  water  at  Croton  dam  and 
empty  the  aqueduct  for  repairs,  which  can  only  be  made  inside.  When- 
ever a  leak  occurs,  be  it  near  the  upjier  or  lower  end,  the  entire  aqueduct 


CROTON  AQUEDUCT  EMBANKMENT, 


rOUNDATION  WALL, 
must  be  emptied.  This  is  necessitated  from  the  fact  that  waste-gate- 
houses 6  or  8  miles  apart  are  not  provided  with  cross-gates  to  enable  the 
water  to  be  stopped  at  that  point  and  turned  out.  When  such  a  serious  leak 
occurs — which  has  been  the  case  on  a  certain  embankment  within  a  few 
miles  of  High  Bridge— it  reqiiires  thirty  hours  to  rid  the  aqueduct  of 
water,  in  order  to  repair,  and  fifteen  hours  more  for  the  water  to  reach 
that  point  again  after  being  turned  on  at  Croton  dam  ;  thus  making  a 
loss  of  forty-five  hours,  exclusive  of  the  time  taken  for  repairs,  when 
three  hours  woiild  suffice  were  there  cross-gates  as  above  suggested. 

These  forty-five  hours  involve  the  loss  of  220  000  000  gallons  to  the  city 
in  that  space  of  time.  The  want  of  strength  on  these  embankments  has 
become  more  apparent  because  of  the  rapidly  increasing  use  of  water 
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demaocliug  greater  depth  of  flow  in  the  aqueduct,  which  entails  corres- 
ponding increase  of  lateral  pressure,  tending  to  reopen  fissures  that  have 
been  repaired.  The  outside  protection  walls  have  been  raised  and 
strengthened,  and  the  embankments  more  thoroughly  drained,  which,  to 
a  certain  degree,  has  prevented  the  further  settlement  of  foundations 
and  put  the  aqueduct  in  somewhat  stronger  condition  than  in  former 
3'ears,  to  sustain  its  increased  burden.  A  thorough  renewal  of  the 
broken  parts  would,  however,  require  a  longer  stoppage  of  water  supply 
than  the  city  storage  now  allows;  therefore,  repairs  heretofore  made, 
although  the  best  that  conditions  permitted,  have  been  temporary  and 
imperfect.  Had  the  bottom  of  the  aqueduct,  instead  of  being  formed  of 
15  inches  of  concrete  and  4  inches  of  brick,  been  made  3  feet  thick  of 
solid  masonry  lined  with  4  inches  of  brick  and  correspondingly  increased 
thickness  of  side  walls,  these  longitudinal  ruptures  woiild  hardly  have 
occurred,  as  therein  would  have  been  contained  requisite  strength  on  em- 
bankments where  alone  the  aqueduct  has  proved  weak. 

For  some  years  past  the  constancy  of  supply  has  been  maintained  by 
the  following  expedients,  viz. :  so  soon  as  a  leak  appears,  sawdust,  fine 
sand  or  loam  mixed  with  water  into  a  paste,  is  prepared  and  dumped  into 
the  aqueduct  at  an  opening  above  the  leak  and  carried  down  by  the  cur- 
rent and  drawn  into  the  fissures,  when  it  swells  and  chokes  the  leak  tem- 
l^orarily  until  some  change  of  temiserature  or  water  pressure  loosens  it, 
when  the  process  is  repeated.  By  this  means,  leakage  being  kept  out  of 
these  foundations,  the  movement  is  much  checked,  which  frequently  ob- 
viates the  necessity  of  shutting  ofi"  the  water  for  inside  repairs,  unques- 
tionably resulting  in  distress  to  the  city.  Increasing  vigilance  and  care 
have  been  required  on  the  part  of  the  engineers  and  their  employees  to 
keep  up  the  daily  sujDply. 

The  city  consumption  has  so  nearly  reached  the  carrying  power  of  the 
aqueduct  that  it  can  but  slowly  refill  the  reservoirs  when  drawn  down. 
Stojipage  occurring  for  inside  repairs,  which  occupy  three  days  and 
nights,  draws  the  water  down  8  or  10  feet  ;  and  this  amount  of  pressure 
taken  from  service  pipes,  is  a  loss  sufficient  to  deprive  upper  stories 
of  water,  over  a  considerable  area  of  the  city.  Under  present  conditions, 
should  an  immediate  succession  of  repairs,  such  as  have  occurred,  be- 
come necessary,  the  reservoirs  woidd  be  so  reduced  that  consequences 
might  be  disastrous. 

In  the  plans  of  the  reservoir  gate-houses,  an  important  change 
could  be  made  which    would  relieve    the    present    embarrassment    in 
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making  repairs,  and  better  regulate  city  supply  immediately  following.  It 
should  be  borne  in  mind  that  a  full  reservoir  is  now  necessary  to  give  full 
pressure  to  the  city,  its  high  water  line  being  on  a  level  with  the  top  of 
the  aqueduct.  The  present  gate-houses  are  arranged  for  the  aqueduct  to 
deliver  into  the  reservoii'  basins,  and  the  main  pipes  conveying  water  to 
the  city  are  supplied  from  these  basins  only.  Hence  every  foot  lost  in 
the  reservoirs  is  taken  from  pipe  service  j)ressure,  only  to  be  regained 
by  refilling  the  reservoirs.  The  inconveniences  occasioned  by  this,  could 
be  obviated  by  constructing  waterways  with  gates  arranged  to  enable  the 
water  to  be  turned  into  them  directly  from  the  aqueduct  and  iill  to  full 
height  the  gate  house  chambers  supplying  the  main  pipes.  Turning  on 
full  water  head  after  rej)airs  would  thiis  ensure  its  immediate  pressure 
throughout  the  city,  and  the  surplus  beyond  city  consumption  coidd  flow 
over  weirs  and  slowly  refill  the  reservoirs  at  exactly  the  present  ratio. 
By  this  means  the  city  could  be  supplied  directly  from  either  the  aque- 
duct or  reservoirs  as  occasion  required,  and  a  much  larger  amount  of 
storage  made  available.  If  the  city  used  all  the  conduit  could  furnish, 
this  arrangement  would,  of  course,  be  inoperative,  but  that  need  not, 
and  ought  not  to  be,  when  means  are  at  hand  to  prevent,  as  suggested 
further  on. 

Pipe  Distkibution. — Comparatively  uniform  distribution  of  water 
can  be  as  readily  ensured  to  large  as  small  cities,  if  they  are  divided  into 
districts,  each  district  mapped  in  reference  to  altitude  and  provided  with 
a  main  proportioned  to  its  area.  These  mains  must  be  so  arranged  that 
by  opening  connecting  gates,  water  can  be  turned  from  one  to  another 
when  occasion  requires,  either  for  relaying,  repairing  pipes,  or  to  in- 
crease supply  for  fire. 

When  Croton  water  was  first  introduced,  the  mains  laid  were  larger 
than  necessary  at  the  period,  and  the  supply  of  water  so  abundant  that 
a  very  general  plan  of  distribution  sufliced.  Under  present  conditions, 
but  small  attention  has  been  given  to  separating  the  circulation  of  local- 
ities diftering  in  elevation,  hence  the  cause  of  unequal  supply.  The 
growth  of  New  York  has  been  scattered  and  irregular,  and  the  power  to 
order  pipes  laid  for  newly  biiilt  localities  was  formerly  in  the  jurisdiction 
of  the  Board  of  Aldermen.  Small  street  service  pipes  were  connected 
here  and  there  with  the  nearest  mains,  without  reference  to  a  well 
planned  system,  and  it  has  resulted  in  a  most  complicated  network  of 
pipe  connections  delivering  without  uniform  pressure  and  difficult  of 
control. 
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Reiterating  the  statement  that  the  city  is  consuming  nearly  the  maxi- 
mum supply  of  the  aiiueduct,  the  question  arises  how  to  provide  for  the 
present  and  immediate  future  ?  The  city  average  steadily  increases, 
and  there  is  no  possibility  of  increase  by  the  present  aqueduct.  It  is 
true  the  falling  of  the  reservoir  regulates,  in  some  degree,  the  use  of 
water  by  diminishing  the  ijressure,  as  previously  stated  ;  but  this  dim- 
inution is  attended  by  evils  that  deserve  serious  consideration. 

The  stoppage  of  flow  in  upper  stories  is,  in  a  sanitary  point  of  view, 
disastrous.  On  floors  where  hand  basins  and  closet  traps  are  apt  to  be 
deprived  of  water,  direct  communication  with  the  sewers  is  established 
through  drain  pipes.  These  pipes  act  as  chimneys  to  draw  up  the  pois- 
onous gases,  productive  of  diphtheria,  typhoid  and  other  fevers ;  or 
should  the  same  water  remain  for  any  length  of  time  in  the  traps  of 
basins  and  closets  it  becomes  charged  with  these  gases  and  transmits 
them  to  rooms  to  breed  pestilence.  The  difficulty  in  obtaining  full 
pressure  in  case  of  fire,  Avith  all  the  attendant  danger  and  pecuniary  loss, 
need  not  be  enlarged  upon. 

The  true  alternative  to  counteract  the  evils  enumerated  is  to  stop  the 
abuse  of  the  water  privilege.  An  unreasoning  impression  seems  universal 
among  our  citizens  that  water  should  be  free  as  air  and  sunlight ;  l;)ut 
they  are  obHvious  of  the  fact  that  Crotou  water  embodies  a  vast  amount 
of  treasure — costing  the  citizens  of  New  York  $6  000  per  day,  or  over 
m  000  000  yearly. 

Cause  and  Effect  of  Waste  ;  Means  of  Peevention. — To  prevent 
waste,  furnishes  the  only  solution  of  this  problem.  Even  after  the  construc- 
tion of  a  new  aqueduct,  a  matter  of  four  or  five  years,  which  necessitates 
increased  pipe  service  circulation  to  deliver  the  increased  supply,  the 
gi-owiug  habit  of  reckless  waste  on  each  individual  in  a  population  con- 
stantly enlarging,  is  like  a  disease  beyond  the  power  of  any  but  tempo- 
rary remedies,  and  future  years  would  undoubtedly  exhibit  a  recurrence 
of  in-esent  troubles  if  this  habit  be  not  checked. 

It  is  generally  supposed  that  the  increased  cousumi^tion  of  water  has 
arisen  from  growing  manufacturing  interests,  and  the  pumping  of  water 
to  supply  buildings  in  the  lower  business  portion  of  the  city,  which  now 
contains  structures  double  the  height  of  former  years.  But  business 
houses  and  manufactories  are  closed  on  Sunday,  with  few  exceptions,  and 
use  little  or  no  water  ;  yet  the  reservoirs  gain  on  that  day  only  6  000  000 
gallons,  or  thereabouts,  which  is  a  marked  indication  that  it  is  in  dwell- 
ing places  and  private  residences,  the  principal  waste  occurs. 
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Standard  authorities  have  fixed  the  following  data,  as  a  basis  for  es- 
timating the  quantity  of  water  required  for  abundant  supply  of  cities  and 
towns — minimum  20,  and  maximum,  40  gallons,  per  head  per  day.  A 
large  estimate  of  the  inhabitants  of  New  York,  including  transient  visitors 
and  people  living  out  of  the  city,  but  transacting  business  within  its 
limits  is  1  100  000  persons  ;  whence  the  maximvim  supply  would  be 
44  000  000,  and  the  minimum,  22  000  000  gallons  per  day.  Now  the 
average  daily  consumption  of  New  York  is  114  000  000  gallons,  which 
is  more  than  two  and  one  half  times  the  maximum,  and  five  times  the 
minimum  supply  which  should  amply  suffice.  The  city  of  London, 
containing  three  times  the  number  of  inhabitants  of  New  Y'^ork,  daily 
uses  108  000  000  gallons,  thus  verifjdng  the  above  estimate. 

With  us,  there  is  absolutely  no  check  upon  reckless  consumption,  save 
in  the  single  instance  of  steam  boilers.  These  are  rated  by  horse  power  ; 
yet  the  establishment  using  the  boiler,  may  waste  at  discretion  elsewhere 
through  the  building,  and  often  much  more  is  used  or  wasted  than  is  re- 
quired for  the  engine,  with  no  possibility  (without  meters)  of  measure- 
ment or  discovery  by  the  authorities. 

When  the  temperature  becomes  suddenly  cold,  the  water  is  set  run- 
ning in  every  house  to  prevent  pipes  freezing,  turning  into  the  sewers 
nine  or  ten  millions  of  gallons  and  drawing  down  the  reservoirs  3  inches 
in  a  night,  to  recover  which,  requires  three  days  of  mild  weather.  This 
amounts  to  forcing  the  city  government  to  protect  private  plumbing, 
aside  from  bringing  possible  danger  and  disaster  back  upon  households, 
in  robbing  upper  stories  and  creating  a  short  supply  in  case  of  fire. 
There  are  other  sources  of  waste — such  as  drawing  more  water  than  the 
occasion  demands — of  themselves  insignificant,  but  multiplied  by  thou- 
sands of  similar  instances,  they  assume  formidable  proportions.  Tanks 
are  often  so  arranged  that  after  being  filled  at  night,  when  the  pressure 
comes,  the  water  goes  on  running  because  no  float  valve  is  furnished 
to  stop  the  flow,  and  this  not  only  in  dwellings,  but  in  factories  and 
wherever  water  is  used  in  large  or  small  quantities. 

Were  each  consumer  compelled  to  pay  proportionately  to  consump- 
tion, a  less  expensive  method  than  letting  water  run  would  be  devised  for 
protecting  plumbing.  The  house  main  connecting  wdth  the  street  would 
be  laid  below  the  reach  of  frost,  and  pipes  carried  up  in  the  interior,  in- 
stead of  against  outside  walls,  where  plumbers,  in  their  own  interest,  pre- 
fer to  place  them  ;  or  they  would  be  encased  in  charcoal,  sawdust, 
plaster  of  Paris  or  any  non-conductor;  self  closing  faucets  would  be  used, 
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catisiug  the  water  to  cease  niimiiig  Avlieu  the  liand  is  removed.  Owners 
of  docks,  sugar  houses,  mauufactories,  and  other  jjlaces  of  large  con- 
sumption, would  immediately  resort  to  similar  devices  to  jsrevent  careless- 
ness Avhich  would  result  in  personal  expense. 

The  effect  of  preventing  this  enormous  waste,  which  (aside  from  a  large 
percentage  for  leakage  in  street  pipe  service)  is  estimated  to  be  fully 
double  the  amount  of  water  required  for  use,  becomes  important  because 
of  another  law  involved  than  that  relating  to  pressure  from  a  full  reservoir. 
It  is  the  law  concerning  "  the  flow  of  water  in  pijies  under  uniform  head, 
viz.  : — velocity  and  pressure  becomes  interchangeable  terms  ;  as  velocity 
increases  pressure  diminishes  until  it  disaj^pears  in  velocity,  and  vice 
versa. "     Thus  velocity  being  checked,  pressure  is  regained. 

In  the  application  of  this  law,  stoppage  of  waste  (equaling  say  one- 
half  the  supply)  diminishes  velocity  one-half,  thus  doubling  the  average 
pressure  throughout  the  city.  The  relief  of  the  aqueduct  of  excessive 
strain  which  it  now  sustains  without  intermission,  dangerously  increasing- 
its  Uability  to  rupture  and  leakage,  should  not  be  lost  sight  of  in  this 
connection. 

Unquestionably  the  universal  adoption  of  meters  by  the  city  is  the 
simplest  and  easiest  method  of  obviating  the  difficulties  and  dangers 
above  enumerated.  Meters  should  be  considered  in  relation  to  their  in- 
flueuce  on  the  water  supply  as  reducing  the  load  carried  by  the  aqueduct 
and  in  keeping  the  reservoirs  filled,  diminishing  velocity  of  flow  in  the 
pipes  by  checking  waste,  thereby  giving  ampler  pressiire  through  the  city. 
It  is  a  mistake  to  view  them  only  as  of  interest  to  inventors  and  specula- 
tox's,  or  from  the  standpoint  of  increased  reveniie  from  water  payments 
wliich  have  always  accrued  from  their  introduction.  Although  of  great 
relative  importance,  the  paramount  urgency  for  immediate  measures  to 
counteract  the  present  unsafe  condition  of  our  water  supply  should  out- 
weigh minor  considerations  of  unreasonable  prejudice  against  their  use. 

There  are  varioiis  meters  existing,  to  meet  every  difference  of  recpiire- 
ment,  either  for  large  or  small  consumption,  high  or  low  pressure.  Water 
can  be  measured  by  meters  with  more  accuracy  than  gas,  which  is  com- 
pressible. A  cubic  foot  of  gas  represents  more  or  less  according  to  the 
pressure  brought  to  bear,  while  no  amount  of  pressure  wiU  sensibly  alter 
the  bulk  of  water.  If  gas  consumers  neglect  to  turn  off'  a  high  pressure 
in  the  cellar,  a  third  more  gas  may  be  allowed  to  flow  through  burners 
than  is  necessary  to  give  the  same  or  even  better  light.  With  water  this 
variation  is  not  possible,  the  meter  being  far  more  reliable  and  honest. 
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It  is  urged  that  payment  for  water  by  measurement  might  lead  in 
some  cases  to  uncleanly,  i:)enurious  and  unhealthy  economy.  To  prevent 
this,  a  law  providing  liberal  amount  for  dwellings  according  to  their  size, 
can  rate  taxation  by  the  present  system.  But  beyond  this  allowance  for 
legitimate  use,  full  charge  should  be  made  per  cubic  foot.  Having  to 
pay  regularly  for  sufficient  amount,  whether  used  or  not,  no  advantage 
would  be  gained  from  mean  economy,  while  waste  would  involve  a  pecu- 
niary responsibility.  The  cost  of  metering  the  city  would  amount  to  be- 
tween two  or  three  million  dollars,  but  it  would  be  refunded  the  city 
within  a  few  years  by  increasing  the  water  revenue. 

If  this  method  of  preventing  waste  be  not  resorted  to,  the  only  alter- 
native would  be  to  procure  an  additional  sujiply  of  water  by  the  con- 
struction of  a  new  aqueduct.  That  a  new  aqueduct,  se^mrately  located, 
and  independent  of  the  i^resent  one,  will  be  ultimately  necessary,  seems 
unquestionable.  The  laresent  aqueduct  has  .been  strengthened  to  the  ut- 
most, of  late  years,  luit  the  increased  load  it  is  called  upon  to  carry,  as 
before  stated,  renders  it  liable  to  a  succession  of  mishaps  such  as  have 
formerly  occurred,  at  a  time  when  the  situation  was  far  less  critical 
than  now,  in  which  event  water  famine  would  inevitably  result.  The 
city  of  New  York  can  well  afford  and  should  take  immediate  stei:)s 
to  ijrotect  itself  from  such  jiossible  calamity.  During  the  storms  of 
last  July,  when  the  Hudson  River  Railroad  and  Albany  Post  Road  were 
rendered  impassable,  land  slides  occurred  on  the  aqueduct  between  Tarry- 
town  and  Sing  Sing,  and  had  the  fury  of  the  storm  struck  one  of  three 
places  above,  a  portion  of  it  might  have  been  seriously  damaged.  In 
1865,  during  a  similar  storm,  the  rush  of  water  cariying  debris,  choked 
the  culvert  under  a  high  embankment,  whitsh  was  cleared  at  great  risk  of 
life,  only  in  time  to  jarevent  water  damming  to  the  height  of  30  feet 
against  the  aqueduct,  to  the  imminent  danger  of  the  structure. 

From  the  foregoing  statements  it  is  evident  that  action  is  imperative 
to  provide  for  emergencies  which,  if  not  yet  upon  us,  are  none  the  less 
threatening.  Meters  should  be  applied,  or  a  new  aqueduct  constructed, 
without  delay  ;  the  former  appears  to  be  the  cheapest  and  most  avail- 
able resource,  while  the  latter  must  ultimately  be  resorted  to,  and 
fortunately  the  Croton  river  offers  unlimited  supjily  for  all  future 
demands. 
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"Levee  {French),  for  raising,  removing,  taking  off,  breaking  up; 
embankment,  embanking,  bank,  causeway  ;  mole  ;  swell  ;—faire  une 
levee, — -to  embank  ;  to  make  a  stand  ; — levee  d'tni  siege, — raising  a  siege  ; 
levee  de  tei-re,  embankment,  mound." 

Levees,  or  embankments,  or  dikes  as  adjuncts  to  systems  of  reclama- 
tion, drainage  and  irrigation,  have  been  in  use  since  the  very  earliest  times. 

The  Egyptians,  Assyrians,  Babylonians,  Eomans,  Hindoos,  Chinese 
and  other  nations,  built  dikes  and  dams  for  rechimation,  and  leveed 
canals  for  drainage,  irrigation  and  navigation.  It  has  been  said  that 
"irrigation  was  the  first  application  of  science  to  agriculture ;"  but,  it 
would  seem  that  reclamation  must  have  preceded  irrigation  and  drain- 
age. It  is  said  that  the  ancients  ' '  excelled  in  the  management  of  dikes  and 
dams,"  and  therefore  they  must  have  known  the  value  of  the  fertile  soil 
peculiar  to  alluvial  plains,  and  its  luxuriant  productiveness  when  re- 
claimed, drained  and  irrigated  where  necessary. 

The  remains  of  ancient  works,  built  for  purijoses  of  reclamation  and 
irrigation,  and  their  vast  extent  in  some  countries,  excite  our  wonder. 
With  compulsory  labor,  under  despotic  governments,  it  was  practicable 
to  do  then  what  would  not  be  undertaken  now.  Herodotus  says  that 
Menes  the  first  known  king  of  Egypt,  about  2  700  B.  C,  "founded  the 
city  of  Memphis,  after  he  had  diverted  the  course  of  the  river  Nile,  by 
raising  a  dike,"*  probably  to  close  an  old  channel,  and  it  seems  to  be  well 
established  that  levees,  to  confine  the  waters  of  the  Nile  and  regulate 
ii-rigation,  were  in  use  at  least  so  far  back  as  the  reign  of  Menes.     During 

*  Encyclopedise  Britannica  ;  Article— Egypt. 
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each  successive  dynasty  afterwards,  the  system  was  elaborated  and  per- 
fected. It  is  probable  that  for  many  centuries  before  the  age  of  Menes 
- — or  the  earliest  historical  epoch — the  work  of  reclaiming  and  cultivating 
the  Nile  valley  lands  had  been  progressing,  and  that  it  increased  with  the 
j)opulation  and  as  the  necessities  of  the  people  required  more  land  for 
cultivation. 

The  famous  lake  Moeris,  and  the  great  canal  known  as  the  Bahr- 
Yoosuf,  or  river  of  Joseph,  and  other  works,  including  most  of  the  raised 
mounds  upon  which  cities  and  villages  were  built,  were  constructed  when 
Egypt  had  become  an  empire.  Sesostris,  it  is  said,  dug  canals  all  over 
the  delta  of  the  Nile.  Lake  Moeris  and  the  Bahr-Yoosuf,  (the  latter, 
which  extended  for  about  350  miles  parallel  with  the  Nile,  was,  probably, 
for  the  most  part,  at  least,  a  former  channel  of  the  Nile),  were  used  for 
navigation  as  well  as  for  regTilating  and  prolonging  the  irrigation  of  the 
adjacent  districts,  by  retaining  Avater  after  the  subsidence  of  the  annual 
liver  floods. 

"  The  delta  of  Egypt  is  a  nearly  level  plain,  richly  cultivated,  and 
varied  alone  by  the  lofty,  dark -brown  mounds  of  ancient  cities,  and 
the  villages  in  groves  of  palm  trees,  standing  on  mounds,  often,  if  not 
always,  ancient.  We  sometimes  see  groves  of  palm  trees  besides  those 
around  the  villages,  but  other  trees  are,  except  in  some  parts,  rare."* 

The  annual  flood  season  of  the  Nile  occurs,  generally,  with  remark- 
able regularity — the  greatest  height  being  reached  about  the  time  of  the 
autumnal  equinox — but  it  sometimes  fails  and  at  other  times  is  excessive. 
Variations  of  a  few  feet  in  the  rise  of  the  Nile  are  of  the  utmost  import- 
ance to  the  Egyptians,  for  "low  inundations  always  cause  dearths;" 
successive  failures  (such  as  incurred  "for  seven  years — A.  H.  457 — in  the 
reign  of  the  Fatimee  Khaleefeh  El-Mustausir  Bi-Uah,  when  there  was  a 
seven  years  famine,"*)  a  total  loss  of  crops,  and  excessive  inundations, 
disease  and  destruction  of  property. 

During  the  excessive  and  extraordinary  flood  of  1874,  it  is  said  that 
200  000  laborers  were  employed  to  strengthen  and  maintain  the  levees  of 
the  Nile  and  its  vaUey.  The  culture  of  cotton  was  introduced  into  Egypt 
by  Mohammad  'Alee,  and  now  receives  much  attention.  Egyi^t  exported 
264  880  bales  of  cotton  to  England  in  1871,  and  every  effort  is  now  ex- 
erted to  increase  this  product.  The  culture  of  cotton  requires  the  ex- 
clusion of  the  Nile  water  of  overflow,  from  the  cotton  fields,  by  levees. 

M.  Regnault  says  :  "On  the  banks  of  the  Nile,  the  mud  contains 
much  sand,  and,  when  it  is  carried  by  the  waters  of  inundation  to  distant 

*  Encyclopedise  Britannica  ;  Article— Egypt. 
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toiots,  it  loses  on  its  way  a  (luaiitity  of  sand  pvoportionate  to  its  distance 
from  the  I'iver  :  so  that,  Avhen  the  distance  is  very  considerable,  one 
finds  the  argillaceons  matter  almost  pure." 

The  Nile  valley  lands  being  alluvial  and  annually  overflowed, 
there  is  a  slow  but  regular  increase  in  the  height  of  the  land  so  inun- 
dated. The  average  of  this  increase  of  elevation — as  determined  by 
measuring  down  to  the  bases  of  ancient  monuments  pai'tialiy  buried — is 
stated  to  be  from  4  to  -ik  inches  in  a  century.  The  high  water  line  of  the 
Nile  keeps  pace  with  the  elevation  of  the  delta  lands,  which  is  the  usual 
effect  of  outlets  in  sedimentary  rivers. 

Various  projects  have  been  undertaken  of  late  to  better  the  condition 
of  Egypt.  The  most  pi'omising  of  these  was  the  construction  of  a  bar- 
rage, or  dam  of  masonry,  across  both  branches  of  the  Nile  at  the  point 
(liead)  of  the  Delta,  in  order  to  regulate  the  inundation,  and  thus  to 
render  the  country  more  fertile  and  easy  of  cultivation.  This  great 
work  was  in  1846  commenced  under  the  government  of  Mohammed 
'Alee,  and  continued  ixnder  that  of  Ibraheem  P^sha.  Al)bas  Pasha 
■ordered  it  to  cease,  but  it  is  said  that  "  Sa'eed  P^sha,  the  jDre.sent  gov- 
ernor,* intends  to  complete  it.  There  is  no  doubt  that,  if  successful, 
this  barrage  would  produce  the  most  happy  results."! 

This  barrage  was  found  to  be  defective  when  completed.  A  6  feet 
head  of  water  moved  a  part  of  it,  whereas  it  was  designed  for  the  main- 
tenance of  a  16  feet  head.  The  present  Khedive  has  ordered  its  repair. 
By  means  of  it,  while  navigation  around  the  dam  is  provided  for  by  locks 
and  the  passage  of  water  by  numerous  sluice-gates,  the  river  above 
is  to  be  maintained  at  a  high  level,  and  a  prolonged  irrigation  thus 
secured. 

For  a  distance  of  SOU  miles  above  Cairo,  the  Nile  valley  averages  10 
miles  in  Avidth,  and  is  divided  into  a  series  of  basins  by  means  of  levees, 
along  the  river  front  as  well  as  away  from  it.  Near  Cairo  the  river 
levees  are  from  12  to  15  feet  in  height,  12  feet  in  width  at  top,  and  but 
slightly  elevated  above  the  high-water  line.  The  water  to  moisten  and 
enrich  the  soil  is  not  permitted  to  flow  unregulated  over  the  river  banks, 
but  is  conveyed  by  canals  and  sluices  to  where  it  is  wanted  ;  it  is  there 
retained  within  leveed  areas,  so  long  as  wanted,  by  closing  the  outlets. 
Egj-pt  being  a  rainless  country — or  nearly  so,  except  near  the  sea-coast — 
without  forests,  irrigation  and  the  fertilization  of  the  soil  by  the  mud- 
bearing  waters  of  the  NUe,  is  an  indispensable  necessity.  With  regular 
irrigation,  independent  of  the  flood  season,  three  crops  annually  may  be 
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cultivated.  Improved  pumping  machinery  is  now  much  used  in  Egypt- 
f  or  this  purpose.  Much  more  dependence  is  placed  in  methods  of  ele- 
vating water  now  than  formerly,  and  less  in  the  canals  and  reservoirs, 
which  are  neglected  and  suffered  to  go  out  of  repair. 

It  is  probable  that  the  system  of  leveeing  had  its  origin  in  Egypt. 
The  Assyrians  and  Babylonians,  in  the  valley  of  the  Euphrates  and 
Tigris  also  adopted  a  system  of  reclamation  and  irrigation  by  means  of 
levees  and  canals,  and  of  leveed  areas  or  basins,  and  reservoirs  to  enable 
them  to  cultivate  their  river  alluvial  lowlands.  The  teeming  population 
of  Nineveh  and  Babylon,  in  ancient  times,  required  all,  that  these  fej-tile 
alluvial  plains  under  the  most  elaborate  system  of  agriculture,  could  be 
made  to  produce.  In  that  dry  climate,  this  could  only  be  accomiilished 
under  a  system  of  leveeing  and  irrigation. 

The  valley  of  the  Euphrates,  like  that  of  the  Nile,  had  been  subject  to 
annual  inundation,  but  Queen  Semiramis,  it  is  said,  "prevented  the  over- 
flow by  the  erection  of  stupendous  mounds  or  dams  along  the  banks  of 
the  Euphrates,  and  henceforth  the  land  was  irrigated  by  hand  and  by 
engines.  The  entire  territory  was  intersected,  like  Egypt,  by  numerous- 
canals,  the  largest  of  which  could  be  navigated  by  ships,  and  stretched 
from  the  Euphrates  to  the  Tigi-is."* 

It  is  related  that  Queen  Nitocris  caused  to  be  excavated,  above  Baby- 
lon, an  immense  reservoir,  and  that  she  turned  the  Euphrates  into  it, 
temporarily,  in  order  that  piers  of  stone,  for  a  bridge  to  connect  the  two 
portions  of  the  city  of  Babylon — built  on  each  side  of  the  river — might 
be  constructed  in  the  river  when  so  drained.  Along  both  sides  of  the 
river,  where  it  flowed  through  the  city,  walls  of  baked  brick,  provided 
with  brazen  gates  opposite  the  streets,  and  connected  with  the  great 
outer  walls,  served  as  levees,  and  the  banks  of  the  river  Avere  lined  with 
biaxned  brick. 

Cyrus  took  Babylon  by  diverting  the  Euphrates  into  the  great  Nitocris 
reservoir,  at  night,  thereby  enabling  his  army  to  march  along  the  river 
bed,  from  above  and  below,  to  and  through  the  street  river  gates  into  the 
city;  the  river  gates  having  been  left  open  during  a  great  feast  and 
carousal  made  by  Belshazzar,  the  king. 

In  China  the  immense  and  crowded  popvilation,  of  necessity  is  com- 
pelled to  cultivate  every  available  square  foot  of  ground,  and  to  make 
the  best  possible  use  of  every  means  of  increasing  its  production.  Rice 
is  the  great  staple  crop  of  large  portions  of  China,  and  this  grain  requii-es 
for  its  cultivation  leveed  areas  and  irrigation.     The  vast  alluvial  plains 

*  Wheeler's  Lile  and  Travels  of  Herodotus. 
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•of  the  Yang-tze-Kiang,  or  Blue  river,  and  of  the  Hoang-ho,  or  Yellow 
river,  are  leveed,  irrigated  and  cultivated.  M.  Hue  says:  "The  main- 
tenance of  the  dikes  on  Yellow  river  is  intrusted  to  a  special  board, 
which  forms  in  the  provinces  of  Tchi,  Chan-touug,  and  Honan,  a  l>ody 
independent  of  the  provincial  administration." 

In  Hindustan,  owing  to  the  suddenness  and  short  continuance  of  the 
monsoon  rains,  and  the  long  continued  droughts,  it  has  always  been 
necessary  to  resort  to  irrigation  by  means  of  dikes,  dams,  canals  and 
reservoirs,  for  the  cultivation  of  the  va'it  sterile  upland  tracts  of  country 
in  northern,  middle  and  southern  India,  which  were  barren  only  for 
want  of  irrigation. 

Speaking  of  the  "tank  irrigation  system"  of  Madras,  Mr.  Smith 
says  :  ' '  The  extent  to  which  it  has  been  carried  throughout  all  the  irri- 
gated region  of  the  Madras  Presidency  is  truly  extraordinary.  An  im- 
perfect record  of  the  number  of  tanks  in  14  districts  shows  them  to 
amount  to  no  less  than  43  000  in  repair  and  10  000  out  of  repair,  or 
53  000  in  all.  It  would  be  a  moderate  estimate  of  the  length  for  each,  to 
fix  it  at  half  a  mile,  and  the  number  of  masonry  works,  in  sluices  of  irri- 
gation, waste-weirs,  &c.,  at  6  as  an  average."  These  data,  only  assumed 
to  give  some  definite  idea  of  the  extent  of  the  system — would  give  close 
upon  30  000  miles  of  embankments,  sufficient  '  to  put  a  girdle  around 
the  globe '  not  less  than  6  feet  thick — and  300  000  separate  masonry  works. 
The  whole  of  this  gigantic  machinery  of  irrigation  is  of  purely  native 
origin.  Valleys  are  taken  possession  of,  and  the  natural  drainage  lines 
flowing  through  them  are  checked  by  embankments  sufficiently  long  to 
■close  the  gorges,  and  sufficiently  high  to  retain  a  volume  of  water  pro- 
portioned to  the  areas  of  irrigation  situated  below  them.  Descending 
steppes  of  land  are  occupied  by  a  succession  of  reservoirs,  the  higher 
feeding  the  lower  from  its  surplus  supply,  and  the  whole  forming 
one  connected  scheme  of  irrigation.  Dry  basin-shaped  hollows  have 
banks  carried  round  their  ridges,  and  supplies  were  introduced  from 
adjoining  rivers  by  means  of  special  canals;  or  long  slopes,  where  the 
fall  is  considerable,  have  portions  embanked  more  or  less  regularly  on 
three  sides." 

Among  the  most  ancient  of  these  tank  reservoirs  he  mentions  the 
"Ponairy,  in  Trichinopoly,  with  its  embankment  of  30  miles  in  length, 
and  probable  area  of  60  to  80  square  miles,  now  lost  to  the  community,' 
and  the  A'^eeranum  tank,  with  its  12  miles  of  embankments  and  35  square 
miles  in  area,  happily  stiU  in  fall  operation."  He  considers  the  Chum- 
brumbankum  tank  as  "one  of  the  finest  in  the  Madras  Presidency." 
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Its  area  is  9^  square  miles;  its  volume  may  be  estimated  at  3  000  000  000 
cubic  feet  of  water.  It  maintains  a  sheet  of  rice  cultivation  nearly 
10  000  acres  in  extent. 

Mr.  Hewson  says  that  one  of  these  tanks,  constructed  in  the  island 
of  Ceylon,  was  formed  "of  huge  blocks  of  stone,  strongly  cemented 
together  and  covered  with  turf,  a  solid  barrier  15  miles  in  length,  100 
feet  wide  at  base,  sloping  to  a  top  width  of  40  feet,  across  the  lower  end 
of  a  si3acious  valley. " 

According  to  Mr.  Smith,  the  Mogul  emperor,  Feroze  Toghlak,  in  the 
14th  century,  built  "50  dams  across  rivers  to  promote  irrigation,  30 
reservoirs  for  irrigation,  150  bridges,  100  public  baths,"  &c.,  and  the 
first  canal  of  which  there  is  any  record  in  north-western  India. 

The  British  Government,  since  its  conquest  of  Hindustan,  ha& 
enlarged  and  improved  the  systems  of  irrigation  by  means  of  tanks  and 
canals  throughout  all  India.  The  Great  Ganges  canal,  commenced  ir^ 
1848,  was  to  be,  with  its  branches,  900  miles  in  length,  and  capable  of 
furnishing  irrigation  for  about  4  500  000  acres  of  land. 

In  India,  levees  or  embankments,  carried  across  the  bed  of  a  river  or 
a  valley,  are  termed  "bunds." 

In  Italy,  the  system  of  leveeing  or  embanking  rivers,  and  of  reclaim- 
ing lands  for  cultivation,  has  been  in  successful  operation  for  many  cen- 
turies. The  Adige,  the  Tiber,  the  Arno,  Keno,  and  the  Po — i^articularly 
the  latter — are  well  known  examples.  Paul  Frisi,  in  the  preface  to  his 
work  on  "Rivers  and  Torrents,"  printed  at  Florence  in  1770,  claimed  that 
"hydraulic  architecture  arose,  advanced  and  almost  attained  perfection; 
in  Italy,  where  they  have  written  on  every  point  connected  with  the 
theory  of  torrents  and  rivers,  the  conducting  and  distribution  of  clear 
and  turbid  waters,  the  slopes,  the  directions,  and  the  variations  of 
channels,  and,  in  a  word,  on  the  whole  range  of  hydromety  and 
hydraulics." 

We  obtain  from  Frisi's  work,  very  interesting  information  respecting 
the  observed  effects  of  leveeing  the  Italian  rivers,  some  of  which,  though 
undoubtedly  reliable,  correct  and  applicable  to  all  sedimentary  rivers,  iss 
not  yet  known  or  appreciated  by  many  modern  engineers.  The  Italian 
engineers  demonstrated  that  torrents,  which  carry  down  stones  and 
gravel,  cannot  be  successfully  circumscribed  by  or  between  levees  or 
dikes;  for  their  beds  will  rise  and  continue  to  rise,  by  the  accumulation 
of  stones  and  gravel  in  them  ;  that  the  lower  portions  of  rivers  carrying 
and  flowing  through  sand  and  earth  only,  which  make  and  shape  their 
own  beds  and  banks,  can  be  leveed  safely,  without  elevations  of  their 
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beds  or  surface  as  tlie  result  of  the  increased  quantity  of  water  confined 
by  levees  to  the  channel ;  that  "  derivations,"  or  outlets,  are  nseless  for 
the  purpose  of  permanently  lowering  the  flood  line  in  such  portions  of  a 
river,  and  that  a  division  of  the  waters  of  such  a  river  into  more  than 
one  channel,  results  in  an  elevation  of  the  beds  and  high-water  lines  of 
the  divided  channels. 

Frisi  says  :  "  The  Po,  which,  formerly  divided  into  several  branches 
between  Placentia  and  Parma,  had  converted  a  considerable  part  of  Lom- 
bardy  into  a  marsh,  has  been  circumscribed  by  dikes  and  confined  within 
a  single  channel  of  a  suitable  depth,"  without  any  increased  elevation  of 
surface;  "whereas  the  Great  Rhine,  divided  and  subdivided  as  it  is  in 
Holland,  has  considerably  elevated  the  bottom  of  its  bed  ;  and,  whilst  it 
renders  the  situation  of  the  adjoining  lands  daily  worse  and  worse,  is 
threatening  them  incessantly  with  utter  destruction." 

' '  The  first  division  of  the  waters  of  the  Rhine  was  begun  under  the 
Roman  generals  Drusus  and  Corbulo  ;  it  was  afterwards  continued  in 
later  ages  by  a  great  number  of  subdivisions.  This  great  multiplicity  of 
channels,  though  productive  of  very  great  advantages  to  the  navigation 
and  commerce  of  Holland,  draws  after  it  very  fatal  consequences.  The 
waters,  divided  into  so  many  branches,  lose  the  rapidity  and  strength 
which  are  required  to  sustain  and  push  forward  those  heterogeneous  sub- 
stances which  they  transport.  The  constant  rising  of  the  bottom  renders 
the  draining  of  the  waters  from  the  fields  more  diflScult,  increases  the 
expense  of  the  necessary  embankments,  and  always  augments  the  dam- 
ages wliich  these  extensive  lowlands  suffer,  when  the  dikes  break.  To 
secure  that  part  of  Holland  which  lies  between  Rotterdam,  Utrecht,  Am- 
sterdam and  the  ocean,  it  was  proposed,  in  1754,  to  form  in  the  Leek, 
which  is  another  branch  of  the  Rhine,  a  cut  with  16  sluices,  by  which  a 
part  of  the  water,  should  be  discharged  into  the  Mernva,  which  is  the 
junction  of  the  Meuse  with  the  Wahal."  The  engineer  Gennete,  says 
Frisi,  opposed  the  proposition  to  make  an  outlet,  claiming  '  'that  the  pro- 
posed alteration  would  avail  nothing  towards  the  diminution  of  the 
height  of  the  floods  ;"  and  advised,  "in  lieu  of  it,  to  remit  all  the  waters 
of  the  Great  Rhine  in  the  ancient  branch  of  the  Issel,  and  in  this  man- 
ner to  conduct  them  by  the  shortest  road  to  the  sea."  He  maintained 
that  ' '  by  the  union  of  all  the  waters,  their  rapidity  would  be  increased, 
whUst  the  amplitude — width — of  the  sections  would  continue  the  same  ; 
and  that,  in  consequence,  the  waters  would  have  more  strength  to  deepen 
their  bed  and  to  prevent  those  deposits  that  are  successively  made  in  it. 
He  supports  his  opinion  by  the  directly  contraiy  effect  produced  from  the 
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actual  divisions  of  the  Ehine  ;  and  he  adds,  that  this  river,  before  it  is 
divided  in  Holland,  receives  at  Mentz  the  Mayne,  whose  flow  is  nearly 
as  great,  without  its  being  possible  to  observe  any  perceptible  difference 
in  the  dimensions — width — of  its  bed.  The  Samoggia  and  the  Lavino, 
in  Italy,  running  near  each  other,  and  having  almost  the  same  course, 
their  floods  always  come  down  at  the  same  time.  Thus,  although  the 
quantity  of  water  is  increased  nearly  one-third  in  the  Samoggia,  after 
the  injunction  of  the  Lavino,  as  has  been  already  said,  and  although  the 
slope  of  the  bottom  is  considerably  diminished  in  the  Samoggia,  never- 
theless the  height  is  less,  and  the  whole  section  vei'y  little  larger  than  be- 
fore. The  operations  carried  on  in  the  Gaina  were  not  less  exact  ;  yet, 
although  it  increases  by  nearly  a  half  the  body  of  water  in  the  Quaderna, 
it  sensibly  augments  neither  its  height,  nor  the  magnitude — width — of  its 
sections.  We  have,  besides,  several  other  examples  of  running  streams 
considerably  augmented,  in  quantity  of  water,  without  any  visible  in- 
crease of  their  height  or  breadth." 

"  What  has  been  observed  in  the  conjunction  of  rivers,  is  also  seen  in 
their  derivation — reduction  of  quantity  by  outlets — or  division,  where  it 
often  happens  that  in  diverting  from  the  principal  channel  a  considerable 
body  of  water,  that  which  is  left  behind  is  nob  visibly  diminished,  cither 
in  height  or  in  breadth.  The  canal  made  by  order  of  the  Emperor 
Nerva,  to  draw  off  the  superfluous  waters  of  the  Tiber,  at  the  time  of  its 
greatest  freshets,  did  not  contribute  in  the  smallest  degree  to  prevent  the 
inundations,  as  Pliny  has  assured  us  itf  his  letters.  The  two  relieving 
sluices  that  Vincent  Viviani  caused  to  be  made  in  the  Celone,  which  is  a 
tributary  of  the  Chiana,  have  caused  the  filling  up,  and  the  loss  of  the 
principal  trunk."  Speaking  of  the  Adige,  it  is  said  ''  that  all  derivations 
— outlets — made  in  that  river  have  only  produced  a  heightening  of  its 
bed,  and  thereby  rendered  its  floods  more  dangerous." 

Other  quotations,  of  the  same  purport,  might  be  added,  did  space  per- 
mit. Frisi  says  that  "  It  is  an  hydrostatical  paradox,  commonly  taught 
by  Italian  authors,  and  l^niformly  confirmed  by  experience,  that  you  do 
not  diminish  the  height  of  the  waters  in  great  floods  by  lessening  the 
quantity  of  the  water."  His  meaning  obviously  is,  that  outlets — or 
*' derivations,"  as  he  terms  them — will  not  permanently  reduce  the  flood 
line  of  a  sediment  bearing  or  turbid  river.  Guglielmini  announced  that 
"the  greater  the  quantity  of  water  that  a  river  carries,  the  less  will  be 
its  fall,"  or  surface  slope  ;  and  he  adds,  that  "the  greater  the  force  of 
the  stream,  the  less  will  be  the  slope  of  its  bed." 
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It  has  been  tiUight,  ami  generally  believed,  tliat  tlie  leveeing  of  the 
river  Po  has  caused  so  great  an  elevation  of  its  bed  as  to  elevate  its  flood 
line  higher  than  "the  i-oofs  of  the  houses  in  Ferrara,"  and  the  rapid 
prolongation  of  its  mouth  into  the  Adriatic  sea.  This  belief  is  due  to 
erroneous  statements  made  by  M.  Cuvier,  based  upon  errors  of  fact 
alleged  to  have  been  communicated  to  him  by  M.  de  Prony,  in  1830, 
■which  statements  are  now  known  to  be  incorrect. 

The  Chevalier  Lombardini,  a  distiugiiished  Italian  engineer,  in  a 
paper  upon  the  "changes  in  the  hydraulic  condition  of  the  Po,"  pub- 
lished in  Milan  in  1852,  demonstrated  that  levees  had  not  caused  any 
elevation  of  the  bed  of  the  Po,  and  that  the  distance  to  the  sea  from  Stel- 
lata,  16  miles  above  Ferrara,  by  the  then  course  of  the  river,  was  6  miles 
less  than  in  1152  ;  consequently  that  no  increased  elevation  could  have 
been  caused  by  a  prolongation  of  the  river's  mouth.  Lombardini,  by 
careful  levellings,  transferred  the  high  water-mark  of  1839,  the  greatest 
flood  known,  from  Ponte  Lagoscuro,  3  miles  below  Ferrara,  to  Stellata, 
and  thence  to  Ferrara,  by  the  measured  slope  and  along  the  old  course  of 
the  river,  and  found  it  to  be  "3  feet  below  the  surface  of  the  ancient  em- 
bankment of  the  Po,  and  5  feet,  only,  above  the  ancient  natural  bank."* 
The  flood  line  of  the  Po,  in  1839,  at  Ferrara,  was  but  10  feet  above  the 
pavement  oijposite  the  palace  in  Ferrara,  which  is  1  000  feet  distant  from 
and  on  lower  ground  than  the  natural  bank,  as  shown  by  Lombardini  ; 
who  exjiressed  the  opinion  that  M.  de  Prony  had  only  stated  to  M.  Cuvier 
that  the  flood  line  of  the  Po  was  higher  than  "  the.  first  Jinor  "  instead  of 
"  the  roofs'  of  the  houses  in  Ferrara,  and  that  "the  exaggeration  is  due 
rather  to  Cuvier"  than  to  M.  de  Prouy. 

In  Holland,  a  country  formed  hy  alluvial  deposits,  and  of  sands 
washed  iip  by  the  sea,  and  originally  an  immense  sea-marsh,  reclamation 
by  means  of  levees,  has  been  carried  to  a  greater  extent  than  in  any  other 
part  of  the  world.  Gradually,  in  the  course  of  centuries,  the  waters  of 
all  its  rivers  and  their  labyrinth  of  cliannels,  the  Schelde,  the  Maes,  the 
Rhine,  the  Yssel,  have  been  circumscribed  by  levees  or  dikes,  and  im- 
mense areas  of  submei-ged  land  have  been  redeemed  from  the  ocean. 

Large  portions  of  Holland  are  below  the  level  of  the  sea  and  are  pro- 
tected by  "dikes  of  vast  extent,  built  in  the  course  of  ages,  partly  of 
huge  blocks  of  granite  brought  from  Norway  and  partly  of  bundles  of 
young  trees,  willows,  reared  expressly  for  the  purpose.  These  dikes 
stretch  for  hundreds  of  miles  along  the  coast,  and  with  those  which  line 

*  Report  on  Mississippi  River,  by  Huiuphreys  and  Abbot. 
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the  rivers  and  canals,  and  Avith  tlie  requisite  sluices,  draw-bridges  and 
liydraulic  works  of  every  kind,  are  estimated  to  have  cost  not  less  than 
£300  000  000  sterling.  They  form,  in  so  small  a  country,  a  most  aston- 
ishing monument  of  human  industry."* 

The  whole  of  Holland  is  a  vast  and  intricate  net-work  of  rivers,  chan- 
nels and  canals  bordered  by  levees.  Destructive  inundations,  caused  by 
breaks  or  crevices  in  the  levees,  occurring  during  floods  in  the  rivers,  or 
storms  at  sea,  sometimes  happen  in  Holland,  but  they  are  by  no  means 
common.  Every  possible  precaution  is  used  to  prevent  the  occurrence 
of  crevasses,  and  to  provide  the  means  for  closing  such  breaks  with  the 
least  loss  of  time. 

In  March,  1855,  ' '  the  rivers,  augmented  by  the  snows  of  winter, 
burst  through  the  dikes  in  several  provinces.  A  fourth  part  of  Gelder- 
land  was  submerged.  The  embankment  of  the  Ehine  having  burst  in 
five  places  in  Gelderland.  admitted  the  flood  where  it  had  not  extended 
for  150  years.  In  Utrecht  and  North  Brabant,  the  people  of  many 
communes  had  to  abandon  their  property  to  the  waters  and  sought 
refuge  for  themselves  on  the  roofs  of  houses  and  on  trees."* 

Extensive  lakes  have  been  formed  by  these  inundations.  "  The 
Biesbasch,  in  the  neighborhood  of  Dort,  was  formed  in  1491,  burying  7'2 
villages  under  water  and  drowning  100  000  persons."*  The  lake  of 
Haarlem  was,  it  is  said,  formed,  originally,  by  the  overflowing  of  a 
river,  and  its  drainage  by  means  of  pumping  machinery  was  considered 
one  of  the  greatest  achievements  of  the  age.f 

The  inundations  from  the  sea,  caused  by  storms,  have  permanently 
submerged  extensive  sections  of  country.  The  DoUort  and  the  Zuyder 
Zee  are  remarkable  examples.  "  The  Dollart,  between  Groningen  and 
East  Friesland,  originated  in  1277,  and  was  greatly  extended  in  the  three 
following  years.  One  town,  35  villages,  and  several  hamlets  wei'e  over- 
whelmed.    The  Zuyder  Zee  was  formerly  only  a  lake,  known  by  the 

*  EncyclopediiB  Britannica;  Article — Holland. 

1  The  Haarlem  Lake  dike  or  levee  is  37  miles  long,  and  it  encloses  44  659  acres  of  land; 
41  648  acres  of  which  are  cultivable,  exclusive  of  the  area  covered  by  the  canals  and  roads 
within  the  polder,  which  aggregate  919  miles  in  length.  The  lake  was  pumped  dry  by 
means  of  three  immensely  powerful  steam  pumping  engines,  between  the  months  of  May, 
1848,  and  July,  1852;  the  working  time  of  the  pumps  being  but  19 >2  months.  Including 
infiltration  and  rainfall,  the  quantity  of  water  pumped  out,  in  all,  was  9(l()  000  000  tons. 
The  general  depth  of  the  lake,  before  the  work  was  commenced,  was  13  feet  below  the  Am- 
sterdam bench  mark,  which  is  very  nearly  mean  tide  level,  or  28  inches  above  ordinary  low 
water,  and  31  inches  below  ordinary  high  water.  The  highest  water  within  the  polder,  since 
the  work  was  completed,  is  not  allowed  to  exceed  15 '^  feet  below  the  Amsterdam  b.  m. ;  wbich 
is  18  inches  below  the  lowest  land.  It  is  now  contemplated  to  drain  a  portion,  equal  to- 
480  000  acres,  of  the  Zuyder  Zee  itself;  and  this  will  probably  be  done. 
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name  of  Flevo,  communicating  by  two  cliaunels  with  the  North  Sea. 
Now  the  expanse  of  water  is  <S0  miles  long  and  from  20  to  40  miles  broad. "-' 

The  highways,  constructed  along  the  summits  of  the  dikes,  and 
paved  with  hard  burnt  bricks,  called  "klinkers,"  and  covered  with  sea- 
sand,  are  among  the  best  in  Europe  for  light  caiTiages,  and  are  kept  in 
excellent  condition.  De  Luck  informs  us  that  the  "  sea-banks,"  or 
levees,  "  on  the  coast  of  the  North  Sea,  at  the  mouths  of  the  Eyder  and 
Elbe,  extend  to  not  less  than  350  miles."  The  shores  of  the  Baltic,  and 
of  the  Bay  of  Biscay,  are  embanked  for  hundreds  of  miles. 

The  site  of  the  city  of  London  was  once  a  lake  bordered  by  marshes, 
through  which  flowed  the  river  Thames.  Some  of  the  marshes  near 
London  are  yet  12  feet  below  the  level  of  high  tide  in  the  Thames.  In. 
1478,  the  work  of  reclaiming  lands  by  levees  in  England  was  commenced 
Ijy  Bisnop  Morton.  Subsequently,  Charles  the  First,  with  the  Earl  of 
Bedford  and  his  friends,  completed  the  work  begun  by  Morton,  and  re- 
<rlaimed  1  033  360  acres.  About  the  middle  of  the  17th  century,  under 
CromweU,  nearly  half  a  million  of  acres  of  morasses,  fens  and  overflowed 
lands  were  reclaimed  on  the  coast  of  England.  It  is  said  that  the  em- 
bankments on  the  coast  of  Essex  alone  exceed  220  miles.  The  Thames, 
the  Mersey,  and  other  rivers,  subject  to  heavy  freshets,  are  leveed  or 
embanked.  In  Ireland,  also,  the  reclamation  of  overflowed  land  has 
been  extensively  carried  on  of  late  years.  In  France,  levees  have  been 
extensively  used  to  protect  the  lands  bordering  upon  the  principal  rivers. 
In  1858,  M.  Dupiiit  pubUshed  in  a  small  volume,  a  very  able  and  con- 
A-incing  argument  in  favor  of  a  levee  system,  and  of  its  reliabiUty  as 
a  means  of  preventing  inundations. 

Quite  recently — since  1871 — the  levee  system  has  been  applied,  on  a 
large  scale,  in  California,  to  the  reclamation  of  the  tide  lands  in  the  val- 
ley of  the  Sacramento  and  San  Joaquin  rivers.  We  learn,  from  Mr. 
Nordhoff,  that  800  miles  of  levees  were  to  have  been  completed,  for  the 
reclamation  of  tule  land,  in  1873,  and  he  gives  a  list  of  tule  islands  con- 
taining 217  400  acres,  much  of  which  has  been  reclaimed  and  cultivated. 
He  says  that  the  "Yuba,  the  Feather,  and  the  American  rivers,  trib- 
utaries of  the  Sacramento,  have  been  leveed  at  different  points  for  quite 
another  reason.  These  rivers^  once  clear  and  rapidly  flowing  within 
deep  banks,  are  now  turbid,  in  many  places  shallow,  and  their  bottoms 
have  been  raised  from  20  to  30  feet  by  the  accumulation  of  the  washings 
from  the  gold  mines  in  the  foot  hiUs.     It  is  almost  inci'edible  the  change 

♦  Encydopediie  Britannica;  Article— Holland. 
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tlie  miners  have  tlius  produced  in  the  short  space  of  a  quarter  of  a  cen- 
tury. The  bed  of  the  Yuba  has  been  raised  30  feet  in  that  short  time  ; 
and  seeing  what  but  a  handful  of  men  has  effected  in  so  short  a  period, 
the  work  of  water  in  the  denudation  of  mountains,  and  the  scouring  out 
or  filling  up  of  vaUeys  during  geological  periods  becomes  easily  com- 
prehensible." The  material  to  build  the  Sacramento  tule  land  levees 
with,  is  a  sort  of  ' '  tough  turf,  full  of  roots,  which  is  very  cheaply  cut  out 
with  an  instrument  called  a  '  tule  knife, '  and  thrown  out  upon  the  levee, 
where  it  seems  to  bind  well,  though  one  would  not  think  it  would. "  This 
turf  is  taken  from  a  ditch  on  the  inside  of  the  levee,  leaving  a  space  of  low 
marsh  outside.  The  levees  are  usually  made  from  6  to  8  feet  wide  at  top, 
with  a  slope  upon  the  inside,  but  Mr.  Nordhofif  says  : — "that  experience 
has  shown  that  the  outside  should  be  i3erpendicular. "  Self-acting  sluice 
gates  are  used  for  drainage  during  low  water  in  the  river,  the  tidal 
range  being  about  6  feet.  These  reclaimed  tule  lands  have  proved  to  be 
extraordinarily  jjroductive. 

With  the  construction  of  the  Sny  Island  Levee,  Illinois,*  the  leveeing 
of  the  Tipper  Mississippi  (above  the  Missouri)  was  commenced.  The 
.Sny  levee  is  52  miles  long,  contains  2  500  000  cubic  yards  of  earth  in 
■embankment,  and  cost  about  ^650  000.  It  reclaims  10  000  acres  of 
land,  and  the  value  of  these  lauds,  with  the  improvements,  it  is  esti- 
mated, Avill  be  $5  000  000  within  three  years.  The  success  which  has  at- 
tended this  improvement  will  undoubtedly  determine  those  interested  in 
the  reclamation  of  other  lands,  elsewhere  in  Illinois  and  in  the  adjoining 
;States  above,  to  adopt  the  levee  system.  It  is  estimated  that  there  are 
1  000  000  acres  of  overflowed  land  in  Illinois  alone  which  can  be  re- 
■claimed  by  levees  and  made  into  productive  farms.  The  Sny  Island 
levee  may  be  regarded  as  the  pioneer  work  of  the  upper  Mississippi. 

We  are  now  prepared  to  consider  the  leveeing  of  the  Mississippi 
river.  The  city  of  New  Orleans  was  laid  out  in  1717,  by  engineer  Du- 
mont  de  la  Tour,  on  the  left  bank  and  in  the  concave  bend  of  the  Mis- 
sissippi river  which  approaches  nearest  to  the  Lake  Ponchartrain — about 
5  miles  distant.  The  flood  line  of  the  river,  at  that  time,  was  deter- 
mined to  be  about  3  feet  above  the  natural  river  bank  in  the  bend,  and 
De  la  Tour  ordered  a  front  levee  to  be  constructed,  for  the  protection  of 
the  future  city,  4  feet  high,  8  feet  wide  at  top,  and  5  400  feet  long.  In 
the  rear,  on  the  present  line  of  Eampart  street,  a  levee  6  feet  high  was 
•  ordered,  and,  at  the  sides,  above  and  below,  levees  gradually  increasing 

*  Just  coiiiijk'ted  under  Mr.  Corthell  as  engineer. 
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from  4  to  0  feet.  These  levees  were  constituted  lines  of  fortitication,  as 
well,  and  were  provided  with  stockades  and  ditches,  bastions  at  the  rear 
angles  and  forts  in  front.  They  were  not  completed  until  1726,  and  they 
were  the  first  constructed  in  the  valley  of  the  Mississipi^i. 

The  Place  d'Armes,  now  known  as  Jackson  Square,  and  the  cathe- 
di'al  and  public  buildings,  were  located  opposite  the  midtUe  of  the  city 
front.  No  perceptible  change  has  occurred  in  the  position  of  the  river 
bank,  oi^posite  the  lower  side  of  the  public  square,  either  by  accretion 
or  caving,  since  1717.  Above,  an  extensive  batture  has  gradually 
formed;  below,  there  has  been  very  little  if  any  change  for  some  dis- 
tance. On  the  opposite  or  right  bank  of  the  river,  a  little  further  down, 
where  the  Belleville  Foundry  now  stands,  the  river  bank  has  also  re- 
mained stationary  since  1717. 

Before  the  era  of  levees,  the  "points,"  next  to  the  river,  were  kept, 
by  deposits,  nearly  up  to  the  highest  flood  line,  Avhile  the  "bends,"  or 
the  natural  banks  around  the  bends,  were,  generally,  from  2  to  3  feet 
or  more  below  the  flood  line.  Consequently,  as  the  water  flowed  out 
over  the  banks  in  the  bends,  outlet  charinels  existed  in  every  bend; 
the  well  tlefined  remains  of  these  are  plainly  disceruable,  in  very  many 
localities,  now. 

Soon  after  the  settlement  of  New  Orleans,  plantations  were  estab- 
lished along  the  river  banks  above  and  below  the  city.  Every  proprietor 
had  to  construct  and  maintain  his  own  levee,  but,  as  the  river  deposits 
had  kept  the  natural  banks  nearly  up  to  the  flood  line,  small  levees 
answered  the  jmi-pose.  With  outlets  in  every  bend,  and  a  consequent 
reduction  of  current  velocity  in  the  channel  to  a  minimum,  the  ten- 
dency of  the  river  to  undermine  its  banks  at  the  bends,  and  cave  in,  was 
much  less  than  now  ;  therefore,  the  first  levees  were  not  only  smaller, 
because  the  river  banks  were  higher,  but  more  permanent  and  more 
cheaply  maintained  than  now. 

In  1723,  there  were  small  settlements  in  Pointe  Coupee,  at  Baton 
Rouge,  near  Bayou  Manchac,  below  Bayou  Lafourche,  at  Cannes  Brulees 
and  at  Schapitoulas.  In  1728,  the  settlements  extended  "for  30  miles 
above  New  Orleans,"  almost  continuously.  In  1735,  according  to  Du 
Pratz,  "the  levees  extended  from  English  Bend,  12  miles  below,  to  30 
miles  above,  and  on  both  sides  of  the  river."  In  1743,  says  Gayarre, 
"an  ordinance  was  promulgated  requiring  the  inhabitants  to  complete 
their  levees  by  January  1st,  1744,  under  penalty  of  forfeiture  of  their 
lands  to  the  crown."     In  1752,  according  to  Monette,  the  settlements 
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were  nearly  continuous  for  "20  miles  below  and  30  miles  above  New 
Orleans,"  and,  he  says,  "nearly  the  whole  coast  was  in  a  high  state 
■of  cultivation  and  securely  protected  from  floods." 

In  1770,  according  to  Pittman,  the  levees  still  extended  only  "  30 
miles  above  and  20  miles  below  New  Orleans."  In  1763,  France  ceded 
Louisiana  to  Spain,  and  the  pohcy  of  the  latter  government  was  not 
such  as  to  foster  the  growth  of  the  colony.  But  little  progress  was  made 
in  levee  construction  until  after  the  cession  of  Louisiana  to  the  United 
States,  in  1803,  by  France  ;  it  having  been  ceded  back  to  France,  by 
.Spain,  in  1800. 

Li  1805  the  settlements  on  the  Mississippi  river  began  "about  20 
leagues  from  the  sea,"  and  extended  almost  continuously  to  Baton 
Kouge.*  Above  Baton  Rouge,  "  on  the  west  side  of  the  Mississii^pi,  is 
Pointe  Coupee,  a  populous  and  rich  settlement,  extending  8  leagues 
along  the  i-iver."  Thence  above,  there  were  only  small  settlements, 
opposite  Natchez,  near  the  mouth  of  the  Arkansas  river,  and  at  New 
Madrid.  Plantations  extended  down  both  banks  of  the  Bayou  Lafour- 
che "  for  near  15  leagues,"  to  near  the  present  town  of  Thibodeaux. 

In  1812,  Louisiana  was  admitted  into  the  Federal  Union,  and,  accord- 
ing to  Stoddard,  the  levees  extended  "  from  the  lowest  settlements  to 
Pointe  Coupee  on  one  side,  and  to  the  neighborhood  of  Baton  Rouge  on 
the  other,  except  where  the  country  remains  unoccupied."  In  1828t 
"the  levees  were  continuous  from  New  Orleans  nearly  to  Red  river 
landing,  excepting  above  Baton  Rouge  on  the  left  bank,  where  the  bluffs 
rendered  them  unnecessary.  Above  Red  river  they  were  in  a  very  dis- 
connected and  unfinished  state  on  the  right  bank  as  far  as  Napoleon. 
Elsewhere  in  the  alluvial  region,  their  extent  was  so  limited  as  to  make  it 
tinnecessary  to  mention  them.  In  1844,  the  levees  had  been  made  nearly 
continuous  from  New  Orleans  to  Napoleon,  Arkansas,  on  the  right  bank, 
and  many  isolated  levees  existed  along  the  lower  part  of  the  Yazoo  front. 
Above  Napoleon,  few  or  none  had  yet  been  attempted."  As  stated  by 
Prof.  Forshey  :  "Between  the  years  1850  and  1860  the  levees  of  the 
right  bank,  from  Cape  Girardeau  down  to  near  the  mouth  of  the  Arkan- 
sas river,  were  built  piecemeal,  but  finally  were  nearly  continuous,  leav- 
ing intervals  of  less  than  40  miles,  in  the  aggregate,  when  the  war  of 
1861  ended  all  improvements.  "J 

The  process  of  levee  construction  began  at  New  Orleans  in  about  the 


*  Humphreys  aud  Abbot — Extracts  from  State  Documents. 

t  Humphreys  and  Abbot.         +  Transactions,  Vol.  Ill,  page  270. 
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year  1720,  and  it  progi-essed,  gi'adually,  downwards  for  about  70  miles, 
aud  upwards  nearly  1,000  miles,  during  150  years.  Obviously,  as  outlets 
existed  in  every  river  bend — for  the  natural  bank  was  overflowed  from  2 
to  3  feet  or  more  in  every  bend  before  it  was  leveed  —and  these  were  suc- 
cessfully closed  during  the  period  extending  from  1720  to  1860,  if  the 
■eii'ect  of  closing  outlets  and  confining  all  the  water  to  the  river  is  to  raise 
the  flwod  line,  there  should  be  abimdant  evidence  of  such  increased 
elevation  in  the  lower  river  ;  notwithstanding  that  crevasses  have  occur- 
red— because  of  neglect  of  or  defective  levees — during  every  flood  year, 
to  a  greater  or  less  extent.  Every  original  outlet,  except  the  Bayou 
Lafourche — the  high -water  capacity  of  which  is  less  than  12  000  cubic 
feet  per  second,  or  less  than  the  one-hundreth  part  of  the  main  river — 
has  beeu  closed  below  Bed  river  ;  the  Bayou  Plaquemine,  which  dis- 
charged about  35  000  cubic  feet  per  second,  was  the  last  closed,  in  1865. 
No  one,  who  is  at  all  familiar  with  the  subject,  will  contend  that  the  cre- 
vasses of  late  years  have  been  equal,  in  outlet  capacity,  to  those  exist- 
ing, for  miles  in  length  around  every  bend,  i)rior  to  the  leveeing  of  the 
Mississippi.  In  fact,  the  outlet  ciipiicity  in  1720  was  beyond  all  com- 
jjarison  greater  than  it  has  been  during  any  crevasse  year  since. 

There  is  evidence  that  the  normal  flood-line  of  the  Mississippi  river, 
from  Red  river  to  the  Head  of  the  Passes  (except  where  affected  by  cut- 
offs), is  yiot  the  fraction  of  an  inch  higher  now  than  in  1717,  before  the 
commencement  of  the  levee  system.* 

The  front  lands  about  the  Belleville  Foundry,  in  Algiers,  opposite 
the  levee  portion  of  New  Orleans,  are  now  as  they  were  left  by  deposits 
from  the  flood  waters  of  the  river  before  it  was  leveed.  Observation 
shows  that,  in  a  current,  as  under  a  wharf  next  the  river  bank,  the 
deposits  do  not  generally  reach  within  one  foot  of  the  flood-line.  There- 
fore it  is  altogether  probable  that  the  Algiers  point  was  overflowed  at 
least  one  foot  before  any  levees  were  built  below  Red  river.  The  United 
States  Engineers,  Humphreys  and  Abbot,  determined,  by  accurate  levell- 
ing, that  the  front  lands  about  the  Belleville  Foundry  were  only  0 . 8  feet 

*  The  fact  that  the  lower  Mississippi  river,  below  its  last  affiuent.  Red  river,  was  first 
leveed,  and  therefore  first  enlarged  in  section  by  aud  accommodated  to  the  increased  quantity 
of  water  retained  in  the  channel  by  levees,  explains  why  the  leveeing  of  the  river  above  has  not 
-caused  any  elevation  of  the  flood-line  below.  Had  the  levee  system  been  commenced  at  the 
head  of  the  Mississippi  alluvial  formation,  instead  of  at  its  foot,  the  result  would  have  been 
different.  In  such  case  the  unleveed  river  below,  with  its  channel  reduced  by  outlets  iu  every 
bend,  would  have  been  unsufficient  to  discharge  the  increased  quantity  :  the  outlets  would 
have  prevented  the  enlargement  of  the  chaunelway,  and  therefore  the  inundations  would  have 
been  more  extensive.  To  prevent  injury  to  lower  Louisiana,  still,  the  levee  system  of  the 
lower  river  should  first  be  perfected  and  every  outlet  closed. 


130 

below  the  high-water  marks  of  the  great  flood  year,  1858.  There  are- 
other  places,  below  New  Orleans,  the  elevations  of  which  confirm  the 
belief  that  the  flood-line  of  the  river  was  as  high  before  levees  were  built 
as  now. 

Recent  le veilings,  connecting  the  river  flood-lines  on  the  New  Orleans 
side  with  the  streets  in  front  of  the  Cathedral,  show  the  same  resiilts. 
Taking  the  water  line  of  1862  as  a  plane  of  reference,  it  was  found  that 
the  bottoms  of  the  gutters  on  Old  Levee  street,  opposite  Jackson  Square, 
were  only  3 . 4  feet  below  the  1862  mark  ;  the  crown  of  the  street  is  but 
2 . 1  feet  below.  The  crown  or  middle  of  Chartres  street,  just  in  front  of 
the  old  Cathedral,  and  one  square  back  of  Levee  street,  is  4 . 2  feet,  and 
the  gutters  but  4 .  95  feet  below.  So  far  as  can  be  judged,  the  grades  of 
these  streets  do  not  appreciably  differ  from  what  they  were  in  1720,  and 
as  history  informs  us  that  the  river  flood-line  was  3  feet  at  least  above 
the  natural  surface  next  the  river  there  in  1717,  and  as  it  is  no  higher 
there  now,  we  may  infer  that  the  flood-line  is  certainly  no  higher  now 
than  it  was  156  years  ago  in  front  of  New  Orleans.  As  before  stated,  the 
river  bank  opposite  the  lower  side  of  Jackson  Square — the  old  Place 
D'Armes — has  remained  unchanged  since  De  la  Tour  first  laid  out 
the  city. 

There  were  several  small  crevasses  in  Pointe  Coupee  parish  in  1862, 
as  veil  as  one  smaU.  one  near  Baton  Rouge,  but,  as  the  quanity  of  water 
discharged  was  not  great,  there  was  no  general  overflow.  The  water- 
mark of  1862  was  0.7  feet  higher  at  Algiers,  opposite  New  Orleans, 
than  in  1858,  but  this  was  but  1  foot  higher  than  the  old  natural  bank 
there,  and  no  higher  then,  if  so  high,  as  the  great  floods  of  old  times 
must  have  been.  In  1871,  the  flood-line  at  Algiers  was  the  same  as  in 
1862,  but  this  height  there,  was  due  to  a  storm-tide  ;  for  the  river,  in 
that  year,  was  not  up  to  the  1862  mark  at  Donaldson^dlle,  Baton  Rouge. 
and  other  points  above  New  Orleans.  At  Donaldsonville,  the  high-water 
of  1871  was  1.45  feet  helow  the  flood-line  of  1862.  In  1874  again,  an  ex- 
traordinary storm-tide  raised  the  river  at  New  Orleans  about  8  inches 
above  the  1862  mark,  but  this  swell,  caused  by  a  wind  blowing  up  river, 
did  not  extend  more  than  about  20  miles  above.  At  a  point  45  miles 
above  New  Orleans,  the  flood-line  of  1862  exceeded  that  of  1864  by  6 
inches.  At  DonaldsonviUe,  the  head  of  Bayou  Lafourche,  and  at 
Plaquemine,  30  miles  above,  and  110  miles  from  New  Orleans,  the  Avater 
of  1862  was  about  the  same  as  in  1874  ;  the  water  of  1874  being  1  inch 
below  that  of  1862,  at  Donaldsonville. 
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In  a  veeoiit  report*  to  the  President  of  the  United  States,  it  is 
remarked  that  the  effect  of  (•h)8ing  the  Bayou  Phiqnemine  has  been 
to  add  "about  6  inelies  to  the  normal  flood-height  at  New  Or- 
leans." This  seems  to  be  contradicted  by  the  facts,  that  the  1862  flood 
has  not  been  equaled  since,  below  the  Plaquemine,  and  that  that  bayou 
was  only  closed  in  1865.  The  continual  closure  of  outlets  for  and  during 
the  last  150  years  has  had  no  such  effect,  although  it  has  often  been  con- 
fidently predicted  that  the  continual  leveeing  of  outlets  above,  would,  if 
not  discontinued,  cause  the  raising  of  the  river  flood-line  in  lower  Louisi- 
ana many  feet  and  the  submergence  of  the  lower  country. 

If  the  closure  of  one  small  outlet,  discharging  about  35  000  cubic  feet 
per  second  raised  the  river  flood-line  6  inches  at  New  Orleans  as  alleged, 
then  how  exjalain  the  anomaly  that  the  closure  of  hundreds  of  other  out- 
lets previously  had  no  siich  effect  ?  The  Plaquemine  outlet,  as  above 
'stated,  was  closed  in  1865,  but  the  jjrevious  flood-height  of  1862  has  never 
since  been  exceeded  at  Donaldsonville,  30  miles  below  the  Plaquemine. 
As  before  explained,  the  apparently  greater  flood-heights  at  New  Orleans 
in  1871  and  1874,  were  due  to  storm  tides  on  a  high  river,  and  not  in 
either  year  to  a  rise  from  above. 

Tlie  flood-water  line  of  1862,  allowing  it  to  be  8  inches  below  the 
anomalous  tidal  flood-water  mark  of  1874 — which  is  the  difi'erence,  accord- 
ing to  the  United  States  Signal  Service  Keports,  and  the  levels  and  guage 
readings  of  the  New  Orleans  City  Surveyor — is  just  14  feet  above  "  ocean 
level,"  or  mean  tide  in  the  Gulf  of  Mexico.  The  lowest  rivei>level  in 
front  of  New  Orleans,  recorded  on  the  city  guage,  is  0.8  feet  below  mean 
tide  and  0. 2  feet  below  mean  Ioav  tide  in  the  Gulf,  at  the  mouth  of  the 
river,  or  14.8  feet  below  the  1865  mark.  It  follows  then,  that  inasmuch 
as  the  extreme  range  of  15  feet  observed  at  New  Orleans  in  1735,  at  the 
very  beginning  of  the  levee  system,  slightly  exceeded  the  extreme  range 
to  the  1862  mark;  the  high  water  of  1735  fully  equalled  if  it  did  not  ex- 
ceed that  of  1862,  and  therefore,  again,  that  the  river  flood  height  at  New 
Orleans  has  7iot  been  elevated  since  1735,  and  hence  not  at  all  by  leveeing 
up  outlets. 

Experience  has  demonstrated,  here  as  elsewhere,  that  the  eff"ect  of  a 
levee  system  has  not  been  to  cause  any  increased  rise  of  the  flood  line 
or  of  the  bed  of  the  lower  Mississippi  river,  and  the  building  of  levees 
and  their  maintenance  is   nothing   else   but  the   permanent   closure  of 

*  By  a  Commission  of  Engiaeers,  on  "  a  Permanent  Plan  for  tlie  Reclamation  of  the 
alluvial  Basin  of  the  Mississippi  River  subject  to  Inundation,"  January,  1875. 
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outlets  and  the  retenti(in  within  the  river  banks  of  water  whii-h  formerly 
escaped  from  them.  The  opinion  has  prevailed,  not  only  that  the  Mis- 
sissippi flood  line  has  been  and  is  being  elevated,  but  that  the  river's  bed 
has  been  filled  up  and  is  rising,  and  that  there  is  a  more  frequent  recur- 
rence of  and  more  extensive  overflows  now  than  formerly.  The  truth  is 
that  the  river  is  deepening  and  its  sectional  area  increasing.  The  inun- 
dations are  not  more  extensive  now  than  formerly,  nor,  it  is  thought, 
more  frequent,  but  they  are  admitted  to  be  more  disastrous,  because  more 
land  has  been  reclaimed  and  cultivated,  the  number  of  sufferers  is  larger 
and  the  interests  involved  greater.  The  tendency  of  a  levee  system  is  to 
reduce,  instead  of  to  elevate  the  river  flood  line  ;  there  are  other  causes, 
however,  which  tend  to  counteract  this  efiect,  among  the  most  important 
of  which  are  cut-offs  and  the  clearing  away  of  forests  in  the  north  and 
northwest. 

In  1718,  the  next  year  after  the  selection  of  the  site  for  the  city  of 
New  Orleans,  Xavier  Martin  records  that  there  was  an  "extraordinary 
rise  of  the  Mississijjpi, "  which  greatly  discouraged  the  new  settlers.  It  is 
said:  "  Bienville  had  selected  a  site  for  a  city,  but  the  colony  not  having 
means  to  build  dikes  or  levees,  the  idea  (for  the  time)  was  abandoned." 
The  New  Orleans  levee,  we  are  informed,  was  nevertheless  completed  in 
1726,  but  the  assumed  grade  line  was  probably  too  low  or  it  was  built  in 
an  iuqierfect  manner,  for  a  great  flood  occurred  in  1735  which  iniindated 
the  city.  Elsewhere  along  the  settled  portions  of  the  river  front,  the 
levees  were  also  broken  or  submerged  in  many  places.  This  flood  of  1735 
at  the  beginning  of  the  levee  system,  was  continuous  for  an  unusual 
length  of  time — from  late  in  December  until  late  in  June — and  the  suc- 
ceeding low  water  was  remarkably  low,  giving  a  range  from  high  to  low 
water  at  New  Orleans  of  15  feet,  or  about  the  same  as  to  the  highest  time 
flood-line  of  recent  years,  18G2,  which  is  148  feet. 

The  records  of  the  flood  years  from  1735  to  1770  are  Avantiug,  but,  in 
the  latter  year,  a  great  flood  occurred  with  its  usual  inundations.  In 
1782,  there  was  a  flood  which  it  Avas  said  exceeded  any  "remembered  by 
the  oldest  inhabitant."  Great  floods  occurred  also  in  1785,  1791  and 
1799,  and  during  each  of  these  years,  New  Orleans  was  inundated.  The 
years  1809,  1811,  1813,  1815,  1816,  1823,  1824,  1828,  18U,  1849,  1850, 
1851,  1858  and  1859  were  marked  as  flood  years.  In  1865,  1867  and  1874 
extensive  inundations  occurred.  In  1862,  the  flood-line  was  every- 
where below  Cairo  remarkably  high,  although  several  crevasses  occurred 
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below  Kfil  river,  their  capacity  was  insufHcieut  to  cause  any  general  iu- 
ixudation  of  the  valley  west  of  the  Mississippi  and  south  of  Eed  river. 

Before  the  era  of  levee  construction  in  the  Mississippi  valley,  the  un- 
broken primeval  forests  covered  millions  of  acres  of  land  which  are  now 
denuded.  Although  forests  promote  and  increase  condensation  and 
check  evaporation,  they  absorb  a  very  large  proportion  of  the  rainfall. 
The  rapid  denudation  of  the  valley  lands  of  the  tributaries  of  the  Missis- 
sippi must  have  a  very  important  eftect  upon  the  river  floods.  Evapora- 
tion, it  is  true,  is  more  rapid  from  cleared  laud  and  the  condensation  some- 
what less  than  before  Avhen  timbered,  but  it  is  probable  that  we  are  never- 
theless, now  more  liable  to  sudden  freshets  than  formerly.  A  conjunction 
of  freshets  from  several  of  the  mo^gt  important  tributaries  makes  a  great 
flood  in  the  main  river,  although  the  mean  annual  discharge  may  not  be 
increased.  Whether  the  mean  annual  discharge  of  the  Mississippi  esti- 
mated* at  19  500  000  000  000  cubic  feet  of  water,  is  increasing  or  not, 
we  have  no  means  of  determining  accurately  as  yet.  The  same  author- 
ity gives  the  average  discharge  of  great  flood  years  at  27  000  000  000  000 
cubic  feet,  and  the  yearly  amount  of  rainfall  in  the  Mississippi  valley, 
including  the  valleys  of  all  its  tributaries,  at  nearly  90  000  000  000  000 
cubic  feet. 

The  ratio  of  drainage  to  rainfall  in  the  "'entire  Mississippi  vaUey,  ex- 
clusive of  Red  river,"  is  estimated*  at  25  per  cent.  The  drainage  ratio 
for  the  short  tributaries,  such  as  the  Yazoo  and  St.  Francis  rivers,  is  put 
as  high  as  90  per  cent. ,  the  Ohio  and  upper  Mississippi  rivers  at  24  per 
cent. ,  Red  river  at  20  per  cent. ,  and  the  long  tributaries,  which  flow 
through  a  prairie  country,  the  Arkansas  and  Missouri  rivers,  at  15  per 
cent.  only. 

It  is  evident  that  the  time  occupied  in  the  flow  of  water  is  a  very  im- 
portant element,  so  far  as  relates  to  evaporation  and  the  consequent  ratio 
between  rainfall  and  drainage  ;  the  shorter  the  tributary,  the  greater  the 
ratio,  and  the  longer  it  is,  the  less  the  quantity  that  reaches  the  main  river. 

It  would  seem  that  the  difference  between  downfall  and  drainage  in 
the  short  tributaries  at  least,  must  increase  as  forests  are  cleared  away  ; 
therefore,  that  in  some  years,  the  quantity  of  flood-water  now  conveyed 
to  the  lower  Mississippi,  within  a  given  time,  may  be  greater  than  for- 
merly. If  so,  the  river  accommodates  itself  to  the  increase,  for  the  flood- 
line  is  not  elevated. 

*  By  Humphreys  and  Abbot. 
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Artificial  reservoirs  are  inapplicable  to  the  Mississippi  river,  and  tlie 
natural  swamp  reservoirs  are  worse  than  useless  for  the  purpose  of  redu- 
cing the  height  of  the  river  floods.  The  swamp  basins  between  Cape 
Girardeau  and  the  rnouth  of  Red  river  only  retain  water  from  the  first 
rise  to  add  to  those  which  follow,  by  discharging  from  their  outlet  chan- 
nels below  upon  and  thereby  adding  to  the  flood  in  the  river  at  its  high 
stage.  The  river  floods  are  thus  prolonged,  and  undoubtedly  increased 
by  the  water  admitted  into  the  swamp  basins  through  openings  or  gaps 
in  the  levees  above.*  Generally  there  is  a  succession  of  freshets  from 
the  great  tributaries,  and  if  the  river  was  securely  leveed  continuously, 
each  rise  or  swell  would  pass  off  by  itself  ;  no  one,  occurring  later,  woiild 
overtake  the  one  preceding. 

In  this,  as  well  as  in  other  respects,  a  i^erfected  levee  system  would 
tend  to  lessen  the  danger  of  inundations  ;  the  river  channel  would  be 
accommodated  to  its  necessities,  and  the  danger  or  liability  reduced  to 
its  minimiim. 

Reclus,  in  his  work,  "  The  Earth,"  says  that  the  Mississippi  seems  to 
"contradict  the  law  of  the  displacement  of  running  water,"  which  in 
consequence  of  the  motion  of  the  earth  on  its  axis  causes  all  streams  flow- 
ing north  or  south  to  hug  the  west  side  of  their  valleys.  He  gives  a 
number  of  cases  in  proof  of  the  law,  but  instances  the  Mississippi  as  an 
unaccountable  or  unexplained  exception.  It  is  suggested,  in  explanation, 
that  the  Mississippi  is  not,  as  to  its  tendency  to  flow  to  the  west,  any  ex- 
ception, except  in  ajipearance,  to  the  law  stated  by  Reclus.  The  river 
does  wear  away  its  western  shore-line  more  rapidly  than  the  eastern,  but 
it  cannot  do  otherwise  than  gradually  excavate  circular  bends,  of  from  20 
to  25  miles  in  circumference  generally,  and  then  cut  them  off,  leaving 
them  to  the  westward.  There  has  been,  always,  an  excess  of  overflow 
and  of  sedimentary  deposits  west,  and  by  far  the  largest  number,  as  well 

*  A  notable  exa.iiple  of  such  an  effect,  occurred  in  1874.  The  largest  of  these  swamp  reser- 
voir basins  extends  from  the  Arkansas  river  to  the  mouth  of  Red  river  —the  latter  being  its 
outlet  channel.  In  1874  manj-  large  crevasses  were  open  in  upper  Louisiana  and  lower'Arkansas, 
and  this  immense  basin,  traversed  by  the  Bayou  Macon,  Tensas  river  and  other  drainage  out- 
lets, was  gradually  filled  to  its  utmost  capacity.  In  addition,  very  heavy  rains  caused  a  great 
flood  in  the  Oauchita  val  ey.  About  April  1st,  1874,  this  reservoir  basin  commenced  discharg- 
ing itself  into  the  Mississippi  through  the  mouth  of  Red  river,  and  over  the  Mississippi  river 
banks  for  more  than  20  miles  above  Red  river.  The  river  rose  steadily,  thenceforward,  50 
inches  above  the  point  it  had  reached  previously,  or  to  a  height  about  13  inches  above  the 
mark  in  1802,  — which  was  the  highest  before  recorded  at  Red  River  Landing.  During  the 
same  period,  the  river  rose  at  Vicksburg  but  9  inch?8,  when  it  was  6  feet  below  its  i^revious 
flood  height,  showing  that  the  extraordinary  rise  which  swelled  the  river,  from  Red  river  to 
Baton  Rouge,  above  the  highest  preceeding  flood  height  known  and  recorded  by  guage,  was 
due  to  a  discharge  out  of  the  swamp  reservoir  basin  extending  from  the  Arkansas  to  Red  river. 
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as  the  greatest  bends  when  cut  off,  have  been  h'ft  to  the  west.  The  west- 
ern portion  of  the  valley  is  everywhere  well  filled  Avitli  alluvion,  and  the 
swamps  west  have  firm,  bottoms  throughout  the  valley.  Below  Baton 
Bouge,  where  the  river  tends  to  the  soutlieast,  the  swamps  on  the  east 
are  boggy  and  not  well  filled  with  deposits,  and  the  large  spaces  covered 
by  Lakes  Maurepas  audPouchartrain  are  left  unfilled.  If  the  Mississippi 
had  been  a  river  of  clear  water  (instead  of  being  sedimentary),  traversing 
a  valley  not  alluvial,  it  would  probably  occiipy  the  western  side  of  its 
valley  like  other  streams  flowing  towards  the  equator  ;  but,  as  it  is,  it 
levees  or  embanks  itself  to  the  eastward  by  an  excess  of  deposits  west.  It 
hugs  the  bluffs  on  the  east  side,  down  to  the  last  one  at  Baton  Bouge,  for 
the  reason  that  it  could  not  be  forced  any  further  eastward  ;  but  imme- 
diately below  the  last  bluff',  the  excess  of  deposits  west  crowded  the 
river  channel  eastwards  still  further  ;  the  general  direction  thence  to  the 
present  mouth  being  southeast.  The  mouth  of  the  river  having  now 
reached  very  deep  water  in  tli^  Gulf  of  Mexico,  and  having  advanced  a 
little  beyond  the  filling  up  of  the  gulf  west,  and  beyond  the  southern 
limit  of  the  western  highlands,  the  tendency  is  to  flow  westwards  by  the 
Southwest  Pass,  which  is  now  the  largest  channel,  conveying  about  one- 
third  of  the  whole  river  to  the  sea. 

'' Cut-off's  "  precipitate  a  whole  river  upon  a  lower  level  below  the 
bend  cut  off  ;  therefore,  they  lower  the  flood  line  above  and  elevate  it  to 
some  extent,  and  for  a  time  create  a  gorge  or  swell  below.  The  velocity 
of  the  current,  both  above  and  below  the  cut-off',  in  consequence  of  the 
increased  slojie  due  to  the  shortening  of  the  river,  becomes  much  greater 
than  before  ;  while  the  caving  of  the  river  banks,  because  of  the  change 
in  the  direction  and  force  of  the  current,  is  much  accelerated.  Further 
off',  below,  the  increase  of  current  is  diminished  and  made  to  conform 
more  nearly  to  what  the  quantity  requires.  The  tendency  is  to  increase 
the  length  of  the  river  again  by  excavating  and  lengthening  the  bends, 
and  thus  to  reduce  the  surface  sloj)e  to  what  it  was  before  the  cut-off'  was 
made.  Time  is  required  to  accomplish  this,  and  from  time  to  time,  dur- 
ing this  process,  new  levees  must  be  built  further  back,  on  lower  ground 
around  the  bends,  and  therefore  higher,  larger  and  more  expensive 
levees  than  before.  The  alluvial  lands  bordering  upon  the  Mississippi 
river  slope  rapidly  downward  away  from  the  river  bank.  A  fall  of 
1.5  feet  within  one  mile  back  from  the  river  is  not  uncommon  above  New 
Orleans.  Every  new  levee  must  be  made  longer  and  stronger,  because 
higher,  opposite  a  caving  bend  ;  for  the  reason  that,  the  ground  being 
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lower  at  each  new  location,  the  additions  must  be  made  to  the  base  of  the 
embankments. 

When  the  Mississippi  river  banks  were  first  leveed,  below  Ked  river,, 
embankments  of  from  4  to  5  feet  in  height  only,  with  a  crown  of  4  feet 
and  slopes  of  2  to  1  were  found  sufficient  around  the  bends  where  now 
levees  15  feet  and  even  20  feet  high  in  some  places,  with  10  feet  crown 
and  slopes  of  3  to  1  are  needed.  The  new  15  feet  levee  contain  nearly 
twelve  times  the  quantity  of  eartli,  for  a  given  length,  required  for  the 
old  levee. 

Every  "  cut-off,"  therefore,  adds  very  much  to  the  cost  of  levee  main- 
tenance and  increases  the  danger  of  inundations.  But  two  bends  have 
ever  been  cut  off  below,  and  one  opposite  the  mouth  of  the  Red  river,  al- 
though many  have  occiirred  above.  The  lowest — just  above  the  Port 
Hudson  bluff-— known  as  the  Tausse  Rivierre  cut-off,  was  done  in  1722, 
at  the  beginning  of  the  levee  system.  The  next  above,  or  the  Raccomci, 
Avas  by  the  State  of  Louisiana  in  1848-9.  The  Red  river  cut-off  was. 
made  by  Capt.  Shreve,  an  employee  of  the  U.  S.  Government,  in  1831. 
The  distance  around  these  bends  average  more  than  20  miles,  and  the 
high-water-fall  across  their  necks,  more  than  4  feet  each  ;  therefore, 
these  three  cut-offs  shortened  the  river  more  than  60  miles,  and  added 
about  12  feet  to  the  surface  slojDe.  Although  there  has  been  greatly  in- 
creased caving  and  lengthening  of  river  bends  ever  since,  below  Red 
river,  it  is  not  believed  to  be  sufficient,  yet,  to  restore  the  length  of  the- 
cut-off,  nor  reduce  the  slope  to  what  quantity  of  water  flowing  required. 

The  mouth  of  the  Ohio  river  was,  in  1860  (before  the  cut-offs,  one- 
in  Arkanses  and  two  in  Louisiana,  Avhich  have  been  made  since), 
about  1  080  miles  from  the  Gulf  of  Mexico,  and  the  high  water  elevation 
there  is  322  feet  above  tide  water.  This  gives  an  average  fall  per  mile  to 
the  sea,  at  high  water,  of  3.58  inches  ;  but,  the  fall  per  mile  diminishes 
gradually  from  the  Ohio  to  the  head  of  the  Passes,  and  the  range  of  rise 
and  fall  also  becomes  less  and  less,  from  about  the  mouth  of  the  last 
affluent  to  the  gulf. 

From  Cairo  to  Columbus,  21  miles,  the  fall  per  mile,  at  high  water, 
is  nearly  7  inches  ;*  thence  to  Memphis,  204  miles,  5.25  inches ;  to. 
Gaine's  Landing,  225  miles,  4  inches;  to  Natchez,  269  miles,  3.5  inches;, 
to  Red  river,  62  miles,  3  inches;  to  Baton  Rouge,  71  miles,  2.75  inches;  to 
Donaldsonville,  52  miles,  2  inches  ;  to  New  Orleans,  82  miles,  1.75  inches;, 
to  Forts  Jackson  and  St.  Philip,  74  miles,  1.5  inches,  and  to  the  head  of 

*  Humphreys  and  Abbot's  Report  on  the  Missiesippl  River. 
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the  Pass(\s,  20  miles,  1.83  inches.  Thoiigli  the  Southwest  Pass,  where 
the  (juantity  of  water  is  diminished  to  one-third  of  the  whole  rivers'  dis- 
charge, the  fall  per  mile  is  increased  to  2  inches,  and  through  the  South 
Pass,  with  a  flow  much  less  still,  the  slope  is  2.5  inches. 

The  high  water  elevation  alcove  the  Gulf,  at  the  head  of  the  Passes,  is 
2.S  feet,  and  at  New  Orleans,  ahout  15  feet.  The  ranges,  from  high  to 
low  water,*  are  as  follows  : — at  Donaldson ville,  24.3  feet ;  Baton  Eouge, 
31.1  feet;  Bed  Kiver  Landing,  4-4.3  feet;  Natchez,  51  feet;  Vicksburg,  49 
feet ;  Lake  Pro\adence,  44.7  feet  ;  Helena,  46.4  feet  ;  Memi)his,  40  feet  ; 
Cairo,  51  feet.  These,  with  few  exceptions,  are  ace  )rding  to  observa- 
tions made  before  1861.  The  extreme  ranges  since  observed,  differ  some- 
Avhat  in  some  of  the  localities,  from  those  given  above.  Cut-offs  change 
the  range,  in  some  cases  ;  as  at  Vicksburg,  where  it  has  been  reduced. 

The  average  width  of  the  Mississippi  river  diminishes  very  much 
from  the  mouth  of  the  Ohio  to  the  Passes,  while  the  depth  of  channel- way 
increases.  The  average  width  of  the  river  from  the  Ohio  to  Red  river  is 
about  4  275  feet  at  high  water  and  3  230  feet  at  low  water  ;  while  the 
average  width  below  Red  river  is  about  2  700  feet  at  high  water  and 
2  500  feet  at  low  water. 

Opposite  New  Orleans  and  below,  the  high  water  depth  of  the  river, 
in  places,  exceeds  180  feet,  and  it  generally  exceeds  100  feet  in  mid-chan- 
nel, at  low  water.  Above  Red  river,  the  river  decreases  in  depth  as  you 
ascend  it,  between  Memphis  and  the  Ohio  ;  at  low  water,  steamboats 
sometimes  find  too  little  water  for  navigation.! 

A  recent  comparison  of  cross-sections  of  the  river  opjjosite  Jackson 
and  St.  Anne  streets,  New  Orleans,  by  Prof.  Forshey,  taken  in  1850  and 
1872,  shows  an  enlargement  of  cross-section  in  the  one  case  of  54  000, 
and  in  the  other  of  56  000  square  feet.  The  depth  also  had  been  in- 
creased from  150  to  165  feet,  in  mid-channel,  on  one  section,  and  about  13 
feet  on  the  other.  Another  section  opposite  the  lower  city  district,  at 
Louisa  street,  also  showed  a  large  increase  of  section. 

There  are  evidences,  opposite  Baton  Rouge,  and  in  some  other  places, 
that  the  river  is  slightly  widening  itself  also,  as  well  as  deepening  ;  the 
levees  have,  of  necessity,  been  reconstructed  further  back  on  both  sides, 


*  Humphreys  aud  Abbot. 

t  The  maximum  high  water  discharge  of  the  Mississippi  river,  during  the  flood  of  1858 
(according  to  Humphreys  and  Abbot),  was  per  second  about  1  400  000  cubic  feet,  at  Vicksburg 
it  was  1  245  000  feet,  aud  at  Carrollton— just  above  New  Orleans— 1  188  000  feet;  with  levees 
perfected,  they  estimated  that  the  discharge  would  have  been  at  Columbus  1  478  000,  and  at 
Vicksburg  and  points  below,  1  430  000  cubic  feet  per  second. 
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because  of  ca^iug  liauks  opposite  eacli  other,  in  straiglit  reaches  of  the 
river. 

Everything  indicates  that  the  Mississippi  river  is  not,  and  obviously  it 
cannot  be,  an  excei^tion  to  the  law  which  governs  the  flow  of  water  in  all 
sedimentary  ri^'ers,  be  they  great  or  small  ;  that  as  the  normal  maximum 
quantity  of  water  is  increased  the  velocity  increases,  and,  hence,  the  area 
of  channel- way  becomes  enlarged  and  the  doj^es  of  bed  and  surface  dimin- 
ished. The  system  of  leveeing,  therefore,  as  applied  to  such  a  river,  is 
based  upon  correct  and  sound  principles  ;  the  effect  of  levees,  if  persevered 
in  and  maintained,  will  be  to  lower  the  flood  line  instead  of  to  raise  it,  if 
cut-oflfs  and  outlets,  which  alone  interfere  with  the  establishment  of  a 
jjermanent  regimen,  are  j)reveuted. 

It  has  been  claimed  on  high  authority,*  that  the  clay  bed  of  the  Mis- 
sissippi "resists  the  action  of  the  strong  current  like  marble,"  also  that 
"  the  bed  of  the  Mississippi  cannot  yield  ;"  therefore  that  it,  the  river,  does 
not  accommodate  itself  to  its  necessities  and  no  dependence  can  be  placed 
upon  its  doing  so,  in  calculating  the  effects  of  closing  outlets  by  building- 
levees.  That  the  river  does  in  the  course  of  time  wear  away  its  bed,  is 
not,  indeed,  denied  in  so  many  words,  but,  practically,  as  the  conse- 
quence of  increasing  the  quantity  of  water  flowing  in  the  channel  by 
means  of  levees,  the  effect  of  the  resulting  increase  of  current  in  wearing 
away  and  enlarging  the  channel  section  is  disregarded  in  calculations 
made  by  them.  The  action  of  water  in  slowly  wearing  channels  thous- 
ands of  feet  deep,  though  even  the  hardest  isrimitive  and  volcanic  rocks, 
as  for  instance  through  the  immense  canons  of  the  Colorado,  is  too  well 
known  to  be  questioned.  It  is  also  so  well  known  as  to  make  denial  use- 
less, that  the  action  of  the  powerful  Mississipj^i  current  upon  the  hard 
blue  clay,  whether  alluvial  or  testiary  is  not  essential,  which  forms  its 
bed,  though  comparatively  slow  as  respects  its  action  ui)on  other  strata, 
is  sufficiently  rapid  to  allow  for  and  keep  pace  with  the  increase  required 
for  the  gradual  extensions  of  the  levee  system  and  the  closure  of  outlets. 

In  the  caving  bends  of  the  Mississippi,  as  usual  in  all  rivers,  the 
water  is  always  deepest,  therefore,  as  the  newest  excavations  of  the  hard 
blue  clay  bottom  are  made  in  the  bends,  it  cannot  be  maintained  that 
"  the  bed  of  the  Mississippi  does  not  and  cannot  yield."  When  cut-olifs 
occur,  also,  the  l)lue  clay  bed  of  the  river  does  not  ju'event  the  speedy  en- 
largement of  the  channel  to  the  dimensions  ]'e(piired  for  the  (quantity  of 

*  Hiiinplireys  and  Abbot. 
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water  flowiug.  The  eulargeinent  aud  deepening  of  the  river  sections  op- 
posite New  Orleans,  as  determined  by  actual  measurement,  also  estab- 
lish the  fact  that  the  "bed  of  the  Mississippi  "  does  yield.  The  un- 
dermiuiug  of  the  river  banks  at  high  water,  which  always  precedes  the 
caving  of  the  banks  at  a  inid  stage  or  at  low  water,  also  shows  that  the 
river  bed  does  yield.* 

It  is  also  claimed  that  the  Mississippi  water  at  flood  is  "undercharged 
with  sediment, "  because  of  the  observed  fact  that  below  a  bend  where 
the  banks  are  caving  in,  Avhen  the  river  is  falling,  at  a  middle  or  lower 
stage,  it  may  and  does  often  haj>iien  that  the  river  water  is  more  muddy 
than  at  a  high  stage.  It  may  be  true  that  the  river  water  is,  in  places, 
more  highly  charged  with  sediment,  generally,  when  the  river  is  declin- 
ing and  the  banks  are  caving  in,  than  at  the  highest  flood  stage  ;  for 
though  the  stronger  current  prevailing  at  full  flood  scours  out  the  bottom 
and  slowly  undermines  the  banks,  the  pressure  of  the  water  helps  to 
support  the  banks,  and  they  do  not,  as  a  rule,  fall  in  until  this  suisport 
is  withdrawn,  when  the  river  falls.  We  concede,  that  there  is  very  little, 
if  any,  deposit  made  in  mid-river,  in  the  thread  of  maximum  ciirrent,  at 
the  full  flood  stage,  but  it  does  not  follow  that  there  is  none  when  the 
river  is  declining,  or  when  it  is  most  turbid,  and  the  current  is  reduced 
from  any  cause.  Bars  continually  form  under  the  jjoints  and  in  the 
eddie=,  and  they  encroach  upon  the  channel  in  the  liends.  Whatever 
reduces  the  current  at  any  stage  occasions  a  deposition  of  sediment. 

It  is  claimed,  by  the  same  high  authority,  because  of  the  assiiniption 
that  the  river  water  at  flood  is  "undercharged  Avitli  sediment,"  that  no 
deposit  can  occur  below  a  crevasse  or  other  outlet,  and  that  "all au- 
thentic records  of  actual  soundings  made  above  and  below  the  sites  of 
large  crevasses  justify  the  belief  that  no  depo.sits  have  ever  occurred  in 
the  channels  below  them  in  consequence  of  said  crevasses." 

All  experience  and  observation  sliow  that  where  the  Mississippi  river 
current  is  checked  from  any  cause,  and  at  any  stage,  but  more  especially 


*  lu  1871,  for  iustauce,  the  maximum  horizoutal  depth  of  caviug  at  Morgaiiza,  below  Red 
river,  during  that  year,  was  550  leet  ;  at  Point  Manoir,  opiDOsite  Port  Hudson,  it  was  1  100  feet  : 
at  Lobdell's,  below,  it  was  460  feet  ;  near  Biiyou  Gonla,  it  was  350  feet ;  at  Landry's,  iu  Ascen- 
sion Parish,  it  was  420  feet  ;  in  St.  Charles  Parish,  it  was  300  feet,  in  two  places  ;  oppo.site  New 
Orleans,  it  was  220  feet  iu  one  place  and  200  feet  in  another ;  while  cavings  of  220  feet.  160  feet  and 
80  feet  occurred  between  New  Orleans  and  the  forts  below.  Above  Red  river,  in  Tensas 
Parish,  at  Kempe'e,  the  effect  of  the  Davis  cut-off  of  1857,  was  to  cause  an  average  caving  in 
of  the  river  bank  during  the  ye.ir  1883  to  1873  inclusive,  of  1  200  feet  per  year.  In  1874,  the  caving 
at  Wilson's,  same  parish,  was  2  10  i  feet.  In  Concordia  Parish,  at  Marengo,  the  maximum  caving 
in  1868  was  3  000  feet,  and  it  was  1  400  feet  in  1873.  All  of  which  indicate  a  most  unmistakable 
yielding  of  the  "  clay  bed  of  the  Mississippi." 
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when  the  river  is  falling,  there  a  portion  of  the  earthy  matter  held  in 
suspension  is  dropped  ;  and  the  more  heavily  charged  the  water  is,  the 
greater  is  the  deposit.  In  still  water  all  is  deposited,  and  the  water 
becomes  clear ;  the  proportion  of  sediment  deposited  depending  on  the 
loss  of  current  velocity.  The  inference  that,  because  the  river  at  a  flood 
stage  is  sometimes  not  so  turbid  as  when  the  banks  are  caving  in  at  a 
mid-stage,  in  the  former  case,  being  comparatively  "undercharged,"  and 
in  the  latter,  certainly  overcharged  with  sediment,  there  can  be  no  de- 
posit at  any  stage,  seems  unwarranted. 

We  know  that,  as  the  river  falls,  the  bars  help  to  throw  or  direct  the 
current  against  the  lianks  in  the  bends  to  precipitate  or  hasten  their 
caving  in  (at  flood,  the  water  flows  over  the  bars  in  mid-river,  mainly), 
and  observation  shows  that  very  much  of  the  earthy  material  excavated 
in  each  caving  bend  is  deposited  on  the  next  bar  or  bars  below;  parti- 
cularly the  coarser,  gravelly  or  sandy  particles.  A  large  outlet  certainly 
reduces  the  mean  velocity  of  the  current  below  it,  in  the  river,  very 
consideral)ly,  and,  therefore,  a  larger  portion  than  usual,  of  the  material 
excavated  from  the  caving  bends  next  above,  is  and  must  necessarily  be 
dejiosited  on  the  bars  next  below  the  outlet.  Hence  the  contraction  of 
the  channel  area  below  is  pro])ortioned  to  the  dimensions  of  the  outlet 
above  and  to  the  stage  of  the  river.  All  bars  increase  in  proportion  to 
the  excavation  of  earthy  material  above  and  the  loss  of  current  below; 
a  falling  river,  or  outlet,  or  both  together,  add  to  them,  while  a  lising 
river  weal's  them  aAvay  and  moves  the  material  composing  them  further 
down  stream. 

Were  it  n(>tfor  this  "undercharged  with  sediment"  theory,  and  what 
are  consiclerd  to  be  the  unfounded  assumptions  based  thereupon,  that 
no  deposits  can  occur  below  an  outlet  at  any  stage  of  the  river,  which  is, 
in  effect,  saying  that  none  occur  even  Avlien  the  river  water  is  over- 
charged; it  would  be  unnecessary  to  discuss  this  question  at  such  length, 
but,  inasmuch  as  the  outlet  and  levee  systems  are  irreconcilal)le  and  as 
opposite  as  the  antipodes,  and  cannot  exist  together  as  parts  of  one 
system  (for  outlets  inundate  and  levees  reclaim  land,  and  it  is  claimed  by 
the  writer  that  levees  alone  are  needed,  and  that  they  can  be  fully  relied 
upon)  some  examples  of  the  effect  of  outlets  upon  sedimentary  rivers 
in  Louisiana  will  be  given. 

During  the  flood  of  1874,  at  the  top  of  the  rise,  a  crevasse,  caused  by 
a  niuskrat  liurrow,  occurred  in  the  Bouncst  Carre  Levee,  left  bank  of  the 
Mississippi    river,   40  miles   above   New   Orleans,   on  April   11th.       The 
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highest  rise,  opposite  New  Orleans,  be  it  observed,  occurred  April  15th 
and  l()th,  several  days  later,  during  a  storm,  with  the  wind  from  the 
south;  but  the  highest  point  reached  by  the  river,  in  1874,  at  a  point  5 
miles  above  the  crevasse,  was,  as  before  stated,  6  inches  heloiv  the  1862 
flood  height.  At  New  Orleans,  the  tidal  or  storm  rise  was,  for  two  days, 
8  inches  ahore  1862,  five  days  after  the  crevasse  occurred.  The  Bonnet 
CaiTe  crevasse  became  1  370  feet  wide,  with  a  washed  out  channel  in  it 
550  feet  wide,  50  feet  deep  at  high  water,  and  extending  one-fourth  of  a 
mile  back  of  the  levee,  where  the  land  was  15  feet  below  the  river  flood- 
line.  On  July  15th,  when  the  river  had  fallen  15  feet,  the  river  water 
ceased  to  run  through  the  crevasse  channel.  On  September  20th,  21st 
and  22d,  when  the  river  was  very  nearly  at  its  lowest  stage,  20  feet  below 
high  water,  the  writer  measured  and  carefully  sounded  two  river  sections 
above  this  crevasse  outlet,  one  opposite,  and  two  below  it;  taking  transit 
angles  to  each  sounding.  Sections  1  and  2  were  taken  1 J  miles  above 
the  outlet,  resijectively  ;  sections  4.  and  5  were  taken  750  and  1  500  feet 
l)elow  it.  Sections  1  and  2  gave  the  following  dimensions,  respectively : 
widths,  low- water,  2  886  and  3  Oil:  feet;  maximum  depths,  110  and  79 
feet ;  mean  depths,  64  and  54  feet ;  sectional  areas,  184  653  and  164  167 
square  feet ;  high  water  widths,  3  120  and  3  210.  Sections  4  and  5  gave 
the  following  dimensions,  respectively  :    widths,   low  water,  2  406  and 

2  452  feet ;  maximum  depths,  62  and  64  feet ;  mean  depths,  40  and  42.3 
feet ;  sectional  areas,  96  640  and  106  150  square  feet ;  high  water  Avidths, 

3  300  and  3  430  feet.  The  average  dimensions  of  the  two  upper  and  the 
two  lower  sections,  Avere  as  follows  :  low  water  widths,  2  950  and  2  42^ 
feet;  depths,  59  and  41.65  feet;  sectional  areas,  174  410  and  101395 
square  feet.  Reduction  of  cliannel  below  average  of  upper  and  lower 
sections  in  width,  at  low  water,  521  feet;  in  depth,  averages  of  whole 
sections,  or  mean  depth,  17.35  feet;  in  area  of  channel  section,  73  015 
square  feet.  The  mean  high  water  sectional  area  above  was  232  003 
square  feet,  and  below,  156  913  square  feet ;  reduction  below,  75  090' 
square  feet. 

It  is  not  claimed  that  the  whole  of  the  contraction  of  channel  below 
was  due  to  the  crevasse  outlet  of  1874  (for  a  i^art  of  it  is  due  to  the  Bon- 
net Carre  crevasse  of  1871],  but  that  much  of  it  was,  is  certain,  for  the 
following  reasons  :  the  bottom,  or  river  bed,  where  the  upper  sections 
were  taken,  consisted  of  firm  blue  clay,  into  which  the  11  pound  sound- 
ing lead  sunk  from  1  to  2  inches  only,  all  the  way  across  ;  while  the 
depths  were  tolerably  uniform;   all  indicating  a  channel  of  full  natural 
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■dimensions,  free  from  deposits.  The  bottom,  wliere  Loth  the  lower 
sections  were  taken,  Avas  a  soft,  oozy  mud  or  silt,  into  which  the  sound- 
ing lead  sunk  from  1  to  2  feet,  except  near  the  left  bank  (where  the 
current  was  strongest),  on  the  bend  side  of  the  river,  where  the  bottom 
was  also  firm  clay  and  free  from  deposits.  Opposite  the  lower  sections, 
the  sand  bar,  on  the  right  bank  side,  had  encroached  upon  the  channel 
so  much  that  the  low  water  width  had  been  reduced  more  than  500  feet 
and  a  new  sandy  ridge,  evidently  a  deposit  made  during  the  preceding 
high  water,  from  12  to  1.5  feet  high  at  its  lower  end,  had  been  formed 
.above  the  low  water  line  and  over  the  old  bar,  in  a  direction  parallel 
with  the  thread  of  the  current  from  the  river  above  into  the  outlet 
opening.  Very  extensive  new  deposits  of  sand  had  been  made  in  the 
right  bank  bend  next  below,  several  feet  high  above  low  Avater,  and  ex- 
tending several  hundred  feet  out  from  the  shore  line  ;  these  were  known 
■  to  be  nexK. 

Everything,  the  new  sand  bars  and  sandy  deposits,  the  new  oozy 
mud  or  silty  deposits,  extending  nearly  across  the  river  channel  below 
the  outlet,  and  the  very  great  reduction  of  channel-way  below  caused 
thereby,  indicated  most  iinmistakably  that  this  Bonnet  Carre  crevasse 
■outlet  of  1874,  did  cause  a  i.artial  filling  uji  of  the  river  below.  Probably 
the  deposits  were  greatest  Avlien  the  river  was  declining  and  the  banks 
were  caving  in  above.  The  sectional  area  of  this  crevasse,  allowing  2  feet 
for  dei^ression  of  surface  of  water  in  the  opening,  was  about  32  000 
square  feet  or  nearly  one-sixth  of  the  river  section.  As  it  (at  the  time  of 
writing)  remains  o^ien,  there  will  be  an  opportunity,  after  the  high  water 
of  1875,  to  determine  by  a  re-measurement  of  the  same  sections,  Avhat 
changes  Avill  have  occurred  since  1874. 

There  are  many  remarkable  examples  of  the  effect  of  outlets  to  con- 
tract the  channel  beloAv  them,  on  Red  river,  Avhich  also  is  a  turbid  stream 
like  the  Mississippi.  One  of  them  Avill  be  described.  Tone's  Bayou, 
about  20  miles  below  ShreA-eport,  right  bank,  was  an  insignificant  over- 
flow coulee  tAventy-five  years  ago.  It  was  cleared  out,  and  its  enlarge- 
ment facilitated,  partly  to  relieve  Bed  river  as  an  outlet.  In  1872,  its 
sectional  area  of  discharge  had  become  5  600  square  feet,  Avhile  that  of 
Bed  river  itself,  below,  had  Ijecn  reduced  to  3  500  square  feet,  Avith  a 
Avidth  less  than  200  feet,  and  a  high  Avater  depth  less  than  30  feet.  One 
mile  beloAv  Shreveiiort,  where  all  the  Avater  of  lied  river  is  confined  to 
one  channel,  the  sectional  area  of  channel  at  high  Avater  is  about  23  000 
•square  feet,  Avitli  a  maximum  depth  of  about  45  feet,  and  a  width  exceed- 
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ing  500  feet.  Below  this  point  the  river  is  depleted  by  three  outlets  besides 
Tone's  Bayon,  on  the  west  side,  and  still  others  on  the  east  side.  Above 
Tone's  Bayon,  the  other  outlets  have  reduced  the  main  river  section  to 
9  000  square  feet,  a  loss  of  14  000  square  feet,  and  below,  it  is  still  further 
reduced  to  3  500  square  feet  by  actual  measurement,  or  a  total  loss  of 
19  500  s(inare  feet  of  river  channel  section.  An  of3ficial  report,*  says: 
"According  to  testimony,  and  from  comparison  of  actual  surveys,  the 
channel  of  the  river  from  Shreveport  to  Tone's  Bayou  has,  during  the 
past  fifteen  years,  been  continually  enlarging  (because  outlets  on  the  left 
bank  were  being  closed  above  Shreveport),  while  the  channel  below  Tone's 
Bayou  has  remained  stationary,  or  become  actually  contracted  by  the  en- 
croachment of  trees  and  deposits  of  earth  on  the  sides.  At  present,  in  the 
highest  stages,  the  water  is  nearly  at  the  tops  of  the  banks  in  the  river 
above  Tone's  Bayou,  in  the  bayou  itself,  and  in  the  river  below  ;  that  is  to 
say,  at  present,  nearly  the  whole  capacity  of  Tone's  Bayou  and  the  river 
below  is  required  to  dispose  of  the  largest  freshets  from  above."  Fully 
five-sixths  of  the  water  of  Red  river,  which,  now,  since  the  closure 
of  outlets  above,  all  passes  Shrevej)ort,  escapes  to  the  right  and  left 
into  the  lake  basins  east  and  west,  through  outlets,  and  yet  the  flood 
Line  in  the  river  below  Tone's  Bayou  is  not  at  all  reduced.  In  fact, 
if  we  had  the  comparative  levels  of  twenty-five  years  ago  for  refer- 
ence, it  would  probably  be  found  that  the  flood  line  below  is  higher 
now  than  then. 

The  same  laws  govern  in  all  sedimentary  rivers,  whether  small  or  great. 
The  first  effect  of  an  outlet  is  to  lower  the  flood  line  of  a  river,  because 
time  is  required  for  re-adjustment  of  the  river's  regimen ;  but  the  ultimate 
effect  will  be  the  reverse,  because  the  law  is  that  the  less  the  quantity  of 
water  flowing  the  greater  is  the  slope  required  for  its  discharge  at  a  given 
velocity. 

Nowhere  else  can  there  be  a  more  striking  example  of  the  e\il  effects 
of  outlets  than  on  Bed  river  ;  for  the  lakes  above  and  below  Shreveport 
owe  their  origin  to  the  great  elevations  of  the  bed  and  banks  of  the  main 
river  opposite  them  caused  by  rafts  and  lateral  outlets.  The  only  remedy 
there,  is  the  gradual  and  systematic  reversal  of  the  process,  the  building 
of  levees  and  the  closure  of  outlets  from  below  iipwards,  thereby  cutting 
off  the  flow  of  water  into  the  lakes,  and  the  drainage  of  the  lakes  at  their 
down-river  ends  by  means  of  deep  dredging-machine  canals  excavated 
into  them. 

*  By  Lieut.  Woodruff  of  the  U.  S.  Engiueer  Corps. 
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The  Bayou  Lyfourclie — tlie  only  original  channel  of  the  Mississippi,  or 
■outlet,  left  open  below  Red  river — is  another  example  of  the  evil  eflfects 
of  outlets,  an;l  of  leveeing  a  stream  from  its  head  downwards.  Its  levees 
do  not  extend  to  the  Gulf,  and  outlets  and  crevasses  are  the  rule  yearly  on 
the  lower  Lafourche.  These  cause  deposits  in  and  contraction  of  the 
lower  portion  of  the  channel  and  the  raising  of  the  opposite  banks  by 
deposits  thereupon.  The  result  is  the  backing  up  of  the  water  above,  and 
the  elevation  of  the  flood  line  yearly.  Where  levees  of  2  or  3  feet  form- 
erly sufficed  50  or  60  miles  below  the  head  of  the  bayou,  embankments 
of  10  feet  height  or  more  are  now  required,  while  the  levee  heights  at  the 
head  of  the  bayou  remain  the  same  as  at  first ;  and  yet  each  year  before 
the  main  river  reaches  its  full  height,  a  break  in  the  lower  Lafourche 
levees  must  occur,  or  the  water  must  flow  over  them.  The  only  remedy 
is  the  contraction  of  the  bayou  at  its  head  and  an  extension  of  the  levees 
to  the  mouth  of  the  bayou,  with  a  dredging  out  of  the  lower  contracted 
■channel,  if  this  bayou  is  to  be  left  open.  It  would  be  better  to  close  it 
altogether  and  substitute  a  slackwater  or  locked  canal  navigation,  for 
outlets  have  ruined  it  and  are  of  no  benefit  to  the  Mississippi  river. 

In  calculating  the  eff'ects  of  adding  to  the  quantity  of  water  in  the  main 
river  by  closing  outlets,  or  of  reducing  the  quantity  by  means  of  outlets, 
it  will  not  do  to  assume,  as  has  been  done,  that  the  sectional  area  of  the 
channel  below  can  neither  be  enlarged  or  contracted,  that  it  is  fixed  and 
unchangeable.  That  certain  determinate  and  determinable  relations  ex- 
ist between  the  quantity  of  water  flowing,  the  mean  velocity  of  current, 
the  sectional  area  of  channel-way  and  the  slopes  of  bed  and  surface  can- 
not be  ignored  or  disregarded.  They  must  be  admitted  if  a  reliable 
result,  is  desired. 

Gen.  J.  G.  Barnard  in  July,  1850,*  propounded  the  true  doctrine,  and 
gave  an  example,  with  assumed  data,  of  the  true  method  of  calculation. 
He  admitted  that  "an  immediate  lowering  of  surface  might  be  expected 
from  such  an  outlet,"  as  he  assumed  at  Bonnet  Carre,  but  he  demon- 
strated that  "  the  ultimate  effect  would  certainly  be  to  raise  that  surface." 
He  said  :— "  It  is  pretty  well  established  that  certain  relations  exist  be- 
tween the  configuration  of  the  bed  of  a  stream  and  the  velocity  of  its  cur- 
rent. This  relation  is  the  more  clearly  discernable  and  capable  of  being 
subjected  to  calculation  in  rivers  whose  beds  have  been  formed  of  materi- 
als brought  down  by  their  own  currents,  in  other  words  which  have 
made  and  shaped  their  own  beds. "     "  If  from  any  cause,  such  as  throwing 
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off  a  portion  of  the  water  througli  a  water-weir,  the  velocity  of  the 
current  is  diminished,  it  is  no  longer  able  to  maintain  its  sediment  in  sus- 
pension, but  Avill  continue  to  deposit  it  in  its  channel,  until  through  the 
elevation  of  its  bed,  its  velocity  again  becomes  what  it  was  before  it  was 
disturbed,  sufficient  to  maintain  its  sediment  in  permanent  suspension. 
Now  it  is  a  well  established  principle  in  hydro-dj'namics  that  the  less  the 
volume  of  water,  the  greater  the  surface  slope  required  in  order  to  main- 
tain a  given  velocity." 

It  is  certain  that  all  sedimentary  rivers  adapt  themselves  to  every 
change  in  their  regimen  ;  the  Mississippi  is  no  exception,  nothwithstand- 
iug  that  its  vast  magnitude  makes  even  slight  changes  in  it,  a  work  of 
time.  Its  flood  can  be  controled  by  means  of  a  levee  system,  but  onlv 
the  national  government  is  able  to  perfect  and  maintain  such.  Indi- 
viduals, at  first,  constructed  and  maintained  their  own  levees,  but  as 
the  effects  of  cut-offs  gradually  added  to  the  cost  of  levee  construction 
and  maintenance,  by  causing  the  caving  in  of  the  higher  front  lands,  the 
people  of  a  district  under  took  the  larger  works  in  the  caving  bends.  Next, 
the  State  of  Louisiana  undertook  the  work  of  levee  construction  by  tax- 
ing her  whole  people.  It  is  now  found  that  even  the  State  is  powerless 
to  perfect  the  system.  In  1874-5  at  least  4  000  000  cubic  yards  of  new 
levees  were  needed  in  Louisiana  alone,  whereas  about  1  000  000  was  the 
limit  of  the  quantity  the  State  could  pay  for.  This  amount  and  more 
have  been  built  in  1875,  but  many  great  gaps  still  remain  ojjeu,  includ- 
ing two  below  Eed  river,  which  together  require  half  a  miUion  cubic 
yards  of  earthen  embankments  to  close  them.* 

As  before  stated,  levees  can  be  relied  upon,  and  levees  alone  can  be. 
Cut-offs  should  be  prevented  wherever  possible.  Outlets  are  worse  than 
useless,  even  if  it  were  possible,  which  it  is  not,  to  provide  a  free  channel 
to  the  sea  for  the  water  so  drawn  off  ;  they  overflow  land  and  we  wish  to 
reclaim  land.  Reservoirs  are  impracticable,  and  what  natural  ones  there 
are,  only  add  to  the  river  floods  by  feeding  the  rise  below.  As  to  the  di- 
version of  tributaries,  it  would  be  useless  even  if  practicable. 

*  The  State  of  Louisiana  since  1865  has  provided  for  the  construction  of  about  19  600  000 
cubic  yards  of  levee,  but  now  1  000  OUO  cubic  yards,  costing  $500  000  per  annum  is  all  that  it 
can  provide  for,  notwithstanding  that  such  is  not  nearly  enough.  The  United  States  Levee 
Commission  of  1874-5,  estimated  approximately  that  114  774  000  cubic  yards  of  levees,  at  a  cost 
of  $45  909  600,  would  be  required  to  perfect  a  permanent  levee  system  for  the  Mississippi  valley. 
From  October,  1866,  to  October,  1874,  53  miles  of  Louisiana  levees  above  the  mouth  of  Red 
river— distance  278  miles— were  lost  by  the  caving  of  the  banks  of  the  Mississippi  river.  Be- 
low Red  river — distance  leveed  on  both  sides  497  miles — about  55  miles  were  lost  from  the 
same  cause.  The  extent  of  the  caving  is  very  much  greater  and  more  rapid  above  than  below. 
Below  the  Palmyra  Bend  cut-off  of  1867— below  Vicksburg— the  bank  caved  in  one  place 
2  100  feet  in  one  year,  and  at  an  average  of  1  200  feet  per  year  for  five  years,  in  another  place. 
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^Levees  can  most  certainly  lie  relied  upon,  and  the  object  of  this  paper 
has  been  to  demonstrate  that  levees  alone  are  needed  ;  that  the  only  way 
to  reduce  the  flood  line  and  lessen  the  liability  to  inundations  is  to  per- 
fect the  system.  By  means  of  an  adequate  levee  system — which  should  in- 
clude the  construction,  prompt  repair  and  guarding  of  all  levees — and, 
afterwards,  of  interior  drainage,  every  acre  of  alluvial  land  in  the  entire 
Mississippi  valley  may  be  reclaimed,  cultivated,  and  the  valley  made  the 
home  of  millions  of  i^rosperous  inhabitants.  The  way  to  safety  is  to  re- 
claim, to  populate  and  cultivate  the  valley. 

Gen.  Abbot  (United  States  Engineer)  says  :  ' '  The  total  area  of  the 
bottom  lands  is  about  32  000  square  miles,  of  which  a  mere  narrow  strip 
along  the  main  stream  and  its  jDrincipal  tributaries  and  bayous  has  been 
heretofore  open  to  cultivation.  Protected  against  the  river  and  properly 
drained,  this  would  render  available  at  least  2  500  000  acres  of  sugar  land 
or  more  than  double  the  amount  heretofore  planted  ;  about  7  000  000 
acres  of  the  best  cotton  land  in  the  world,  capable  of  yielding  a  bale  to 
the  acre,  and  not  less  than  1  000  000  acres  of  corn  land  of  imsurpassed 
and  iuexhaustable  fertility.  An  expenditure  of  about  $3  to  the  acre  of 
land  actually  made  cultivable  by  the  levees  would  thus  be  sufficient  to  re- 
claim them  from  overflow.  Supposing  the  cotton  lands  alone  to  be  under 
cultivation,  a  tax  of  one  cent  a  pound  for  one  crop,  would  nearly  pay  the 
cost  of  the  levees  for  the  entire  valley."* 

The  United  States  is  engaged  in  a  struggle  for  the  maintenance  of  her 
supremacy  as  the  greatest  cotton  producer  in  the  world,  and  the  only  way 
to  maintain  this  supremacy  is  to  perfect  the  Mississippi  river  levee  sys- 
tem, and  so  bring  all  of  the  valley  lands  into  cultivation.  Surely,  the 
permanent  reclamation  of  the  great  Mississippi  valley,  with  its  ten  or 
twelve  millions  of  acres  of  the  richest  alluvial  lands  in  the  world,  is  or 
should  be  of  sufficient  national  importance  to  justify  its  being  undertaken 
by  the  general  government. 

*  The  total  lengths  of  main  levees  required  to  protect  the  Mississippi  valley  lands  are  very 
nearly  as  follows  :— in  Louisiana,  below  Red  river,  497  miles  ;  above  Ked  river,  278  miles  j  in 
Mississippi,  380  miles  ;  in  Arkansas,  545  miles  ;  in  Missouri,  77  miles  ;  makinj;  a  grand  total 
of  1  777  miles;  in  Louisiana,  interior  rivers,  bayous  and  old  river  lakes  require  about  925  miles 
more  of  levees,  making  a  total  for  the  State  of  Louisiana  of  about  1 700  miles. 
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Presented  February  23d,  1876. 


Does  the  application  of  the  theory  of  continuous  girders  actually  lead  to 
economy  in  bridge  building  ? 

Lately,  the  introduction  in  this  country  of  continuous  girders  has 
been  suggested  on  the  plea  of  greater  economy  than,  it  is  asserted,  can 
be  obtained  under  appHcation  of  the  highly  perfected  and  simple 
American  trusses.  The  majority  of  advocates  of  that  system  who  are 
now  devoting  their  time  to  theory,  though  well  acquainted  with  the 
mathematical  part  of  the  subject,  have  yet  not  acquired  that  practical 
judgment  which  would  be  necessary  to  enforce  their  assertions.  In 
reality,  mathematical  investigations  of  the  subject  of  continuous  girders 
require  not  a  very  high  degree  of  training  in  analysis.  It  needs  but  the 
execution  of  the  integration  of  one  single  equation,  which  execution  may 
become  lengthy  and  tedious,  and  may  require  much  patience.  But  once 
the  one  mathematical  idea  of  that  equation  be  understood,  the  rest  of  the 
work  is  common  and  mechanical  algebi'aic  labor. 

If  it  were  true  that  continuous  girders  give  more  economy  than  the 
system  in  use  in  the  United  States,  it  would  certainly  be  a  heavy  charge 
against  the  engineers  who  have  made  the  art  of  bridge  building  their 
specialty,  and  who  study  their  profession  with  aU  earnestness.  Many 
wiU  deny,  at  the  outset,  that  this  charge  is  just ;  for  the  sake  of  others,  I 
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propose  to  sliow  tliat  tlie  American  practice  of  bridge  building  hitlierto, 
lias  been  in  the  proper  direction  towards  further  improvements,  and  that 
the  young  theorists  who  wish  bridge  builders  to  follow  their  advice  have 
studied  the  subject  in  but  one  of  its  bearings,  and  have  omitted  to  ex- 
amine closely  their  premises  as  well  as  their  conclusions. 

I  believe  it  is  not  only  desirable  but  necessary  that  this  question 
should  be  fully  discussed,  from  various  reasons.  Practical  engineers 
generally  do  not  place  much  confidence  in  long  formulse,  and  if  they 
once  have  studied  mathematics  thoroughly  they  lose  the  taste  for  these 
studies  after  some  time  of  practice,  since  they  have  convinced  themselves 
as  to  the  futihty  of  ultra  refined  theoretical  speculations.  These  engi- 
neers -nill  not  be  very  likely  to  adopt  structures  whose  calculation  of 
strains  would  Avaste  so  much  valuable  time.  But  these  engineers  could 
not  prevent  a  new  method  of  construction  in  time  becoming  fashionable, 
whether  correct  or  not,  as  long  as  it  were  founded  on  some  elegant 
theory  and  seemingly  led  to  economy.  For,  under  our  large  factors  of 
safety,  we  can  commit  many  sins  in  construction  before  they  are  found 
out.  Again,  there  is  always  a  number  of  men  who,  because  they  do  not 
understand  abstruse  calculations  and  formulae,  rather  than  admit  this  fact, 
publicly  endorse  them  warmly.  And  finally,  when  in  polytechnic  schools 
for  a  number  of  years,  a  certain  theory  has  been  thoroughly  studied  with 
zealous  assiduity,  a  little  army  of  its  admirers  will  fill  positions  in  rail- 
road and  in  public  engineering  offices,  anxiously  waiting  for  the  first 
opportunity  towards  introducing  into  practice  what  they  consider  the 
finest  jewel  of  their  technical  knowledge.  I  frankly  admit  once  to  have 
been  of  this  number.  But  after  studying  the  subject  of  continuity  of 
trusses  for  several  years,  and  a  careful  examination  of  its  suppositions, 
I  found  myself  compelled  to  admit  that  the  theory  is  not  correct  scien- 
tifically, and  does  not  agree  with  the  physical  laws  of  elasticity  of  iron.* 

I  am  now  prej)ared  to  prove,  that  for  medium  spans,  say  of  200  feet, 
the  construction  on  the  principle  of   continuity  leads  to  greater  truss- 

*  Six  years  ago,  in  a  i^aper  written  for  the  German  Society  of  Engineers  ( Verein  Deutscher 
Ingenieure)  in  Berlin,  which  was  translated  into  English,  and  published  two  years  ago  in  the 
Railroad  Gazette  of  New  York,  I  stated  : 

"The  writer  of  these  lines  himself  had  for  some  time  thought  that  it  might  be  possible, 
by  ai^plication  of  pin  joints,  by  reducing  the  number  of  parts,  by  the  use  of  proper  scales  and 
adjustments  for  the  regulation  of  the  pressures  on  the  three  or  more  piers  of  a  continuous 
bridge,  and  by  the  use  of  scientifically  correct  and  complete  formulfe,  to  produce  reliable  con- 
tinuous trusses,  by  means  of  which  the  large  rivers  of  this  country  could  be  spanned  without 
the  use  of  false  works." 

"  With  a  great  deal  of  labor  he  had  constructed  an  analytical  expression,  which  embraced 
the  relation  of  the  moments  of  flexure  over  three  consecutive  piers  of  a  continuous  girder.  In 
this  formula,  due  attention  was  given  not  only  to  the  deflections  caused  by  the  chords,  but  also 
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■v\-eiglits  in  udditiou  to  greater  cost  of  workmanship  than  are  required  by 
the  use  of  single  spans  with  improved  details. 

This  last  result  is  very  important  indeed,  for  if  it  were  possible, 
under  application  of  the  principle  of  continuity  to  arrive  at  an  economy 
in  weight  and  cost,  there  would  be  a  large  market  for  this  article  however 
objectionable  the  mode  of  construction  ;  for,  railroad  officers  in  the 
majority  of  instances  will  be  led  by  the  consideration  of  first  cost; 
•especially  since,  in  bridge  building  (thanks  to  our  factor  of  safety)  many 
errors  remain  unpunished  for  a  long  time,  continuous  girders  with  their 
delusive  theory  and  deceptive  stiffness  under  api^lication  of  lattice  and 
rivets  would  gain  a  wide  market. 

The  theory  of  continuous  girders,  as  given  in  text-books,  does  not 
permit  the  ijhilosophy  t)f  the  principle  involved  to  be  clearly  seen  ;  its 
representation  generally  is  rather  obscure.  In  order  to  explain '  this 
principle  as  clearly  as  possible,  I  have  worked  out  a  new  method  of  treat- 
ing the  subject.  The  results  under  this  treatment  naturally  must  agree 
with  those  derived  from  the  apiilication  of  the  general  theory  of  the 
elastic  line  which,  in  the  last  century  (1747),  was  first  given  by  Leonard 
Euler  of  Basel,  then  member  of  the  Academy  of  Science  in  Berlin, 
which,  by  Navier,  early  in  this  century,  was  propagated  among  engineers 
and  lately  was  somewhat  simplified  by  Henry  Bertot  in  France. 

I. — The  GENERAii  Principle  involved  in  the  Theory  of  continu- 
ous Girders. — We  first  consider  a  number  of  single  spans  of  the  lengths 
■^ii  ^2>  ^3j  hi  touching  each  other  respectively  over  the  piers  B,  C,  D,  E. 
"We  suppose  each  span  to  be  loaded  in  any  conceivable  or  desired  man- 
ner ;  in  consequence,  each  span  would  deflect  so  as  to  form  certain  curves 
as  indicated  by  dotted  lines.  The  lower  chord  would  not  remain  straight, 
the  end-posts  would  not  remain  vertical.     Differing  with  the  nature  of 

to  those  due  to  the  teusile  aud  compressive  members  of  the  web  sj'stem;  also  the  actual  section 
of  each  separate  member  was  introduced.  It  therefore  did  away  with  two  errors  of  the  formulfe 
generally  quoted  iu  books,  which  are  only  applicable  when  the  girders  are  very  shallow  and 
when  the  web  is  a  plate,  and  which  even  under  those  suppositions  do  not  coincide  very  satis- 
factorily with  experiments." 

"  Notwithstanding  the  theoretical  improvements  mentioned,  it  was  finally  found  that  the 
labor  spent  in  find.ng  said  formula  had  been  in  vain,  from  a  reason  which  in  Europe,  as  far  as 
known,  has  not  received  any  consideration.  It  is  the  great  variability  of  the  modulus  of 
elasticity,  which  in  the  formulfe  of  the  books  is  supposed  to  be  a  constant  value  of  about 
25  000  000  pounds  i^er  square  inch." 

"  But  the  writer  has  tested,  during  his  presence  at  the  Phoenix  Iron  Works,  many  thousands 
of  eye-bars,  made  for  actual  use  in  bridges,  and  found  that  the  modulus  of  these  members  is 
very  changeable,  namely  from  18  000  000  to  over  40  000  000  pounds  per  square  inch,  so  that  small 
sections  give  the  lowest  and  large  sections  the  greatest  figures.  The  same  result  was  obtained 
by  the  Canadian  engineer  who  inspected  the  iron  for  the  International  bridge  near  Bufl"alo, 
as  well  as  by  Mr.  B.  Nicholson,  who  was  sent  to  Phoenixville  by  the  government  officers  of 
the  United  States  to  inspect  the  iron  for  the  Mississippi  bridge  at  Rock  Island." 
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the  material,  with  the  sectional  areas  of  the  members  of  the  bridge,, 
with  the  loads  imposed  upon  them,  the  trusses  would  show  certain  angles- 
Tif  Si,  r-i,  ^2,  y-3,  S-j,  ctc.,&c.,  of  the  end-posts  with  their  originally 
vertical  positions.  Now,  suppose  you  draw  together  the  toi)  points  of 
the  end-posts  over  the  piers  B,  G,  JD,  E,  and  i^ress  apart  the  bottom 

Fig. 1. 
Vi  ^1  72  ^2  Vs  S3  Yi  S4  Ys 

^kl 2^ _i. 7^ ^__.  i,^.__^. ,,^ ^_ 

joints  of  these  posts,  so  that  not  only  the  top  but  also  the  bottom  chords- 
of  the  adjacent  spans  would  touch  each  other;  or  in  other  words,  insert 
certain  tensile  forces  into  the  upper  chord,  and  equally  large  compres- 
sive forces  into  the  lower  chord,  of  each  truss.  Thus  each  truss  by  a 
certain  unknown  moment  of  iiexure  would  artificially  be  bent  upward 
in  such  a  manner  that  certain  angles  ^i,  /?i,  «-2,  ^2,  (^i,  l^s,  would 
be  produced,  were  the  dead  and  the  Hve  loads  of  the  trusses  removed. 
Fig.  2. 

Wlien  at  each  central  pier,  the  desired  continuity,  consisting  of  con- 
nection of  the  top  and  bottom  chord  ends,  separated  under  the  dead  and 
live  loads  alone,  but  overlapping  each  other  under  the  action  of  the 
moments  il/j,  il/o,  il/s,  &c.,  is  effected,  this  law,  must  obtain,  namely: 
the  sum  of  the  angles  of  deflection  at  any  central  pier  caused  by  the 
(dead  and  live)  loads  on  two  adjacent  trusses  must  be  equal  to  the  sum 
of  the  angles  of  elevation,  caused  by  the  unknown  moments  aa-tificially 
applied  at  the  three  piers  of  the  contemi^lated  spans.  This  is  expressed, 
algebraically : 

^1  +  r2  =  «2   +  fix;   d.,  +  ^3  =  r.'3  -f  /i. 


^3    +74    =«4    +/-^3,    ^^'C.,    etc,  ) 

In  these  equations,  the  left  members  are  functions  of  the  dead  and  live 
loads,  and  the  right  of  the  unkno-svai  moments  3Ii,  J/2,  M^,  &c. 

For  each  intermediate  pier  there  is  one  equation  and  one  unknown 
moment.  The  number  of  equations  equals  the  number  of  unknown 
moments,  which  equals  the  number  of  spans  of  the  continuous  bridge 
less  one.     For  n  sjians  there  are  [n — 1)  equations  and  (w — 1)  unknown. 
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moments.  These  {n — 1)  equations  are  therefore  sufficient  to  solve  the 
jiroblem  which  is  identical  with  finding  the  unknown  moments.  From 
the  theory  of  single  spans,  which  again  is  founded  only  on  the  law  of  the 
lever,  we  calculate  angles  of  deflection  like  d,  y,  a,  fi,  and  therefore  the 
above  law,  expressed  by  the  very  j)lain  equations  (7),  indicates  how  to 
derive  the  strains  of  continuous  girders  from  those  of  single  spans.  This 
law,  as  it  were,  is  the  tune  for  all  the  rest  of  variations  relating  to  con- 
tinuous girders. 

If  we  express  the  angles  a,  and  fi,  by  the  unknown  moments  acting 
•on  two  continuous  spans  we  arrive  directly  at  the  formula  of  Henry 
35ertot,  improperly  ascribed  to  Clapeyi'on,  which  is  found  after  a  tedious 
process  of  integration.  Bertot's  formula  in  fact  exj^resses  only  the 
geometrical  law"  that  the  sum  of  the  angles  of  deflection  must  be  equal  to 
the  sum  of  elevations  due  to  the  moments  Mx,  M2,  J/3,  &c.,  over  the 
•central  piers. 

Though  we  suppose  the  reader  to  be  acquainted  with  the  theory  of 
single  span  bridges,  in  the  sequel  we  shall  develop  a  few  rules  belonging 
to  this  theory  sufficient  for  us  to  directly  write  down  the  formidse  from 
which  we  calculate  the  moments  il/i,  il/o,  &c.,  and  consequently  the 
strains.  Before  doing  this  w^e  first  wish  to  more  fully  explain  the  next 
consequences  of  the  j^rinciple  of  continuous  girders.  A  span  A  B  ; 
-without  weight  is  resting  on  two  supports  A  and  i>;  at  i?  a  moment 
J/i,  equal  to  forces/,—/,  with  the  lever  h  acts  on  the  chords.  This  mo- 
ment is  counteracted  by  a  force  (weight)  p,  holding  the  truss-end  A  to 
the  pier.  Though  the  force  Fig-  3. 

J),  holds  down  the  end  A,    j^ 

yet  the  moment  Jl/i  =/h  >^i  e ' 

will  cause  a  convex  elastic 
curve,  so  that  the  end-posts    ' 


w^luch  originally  were  ver- i-rf^^^ 1  -* "T^-^t.^ 

tical  are  made  to  form  an-  '[^1  "^  'M  ^^ 

oies  a  and  fi,  to  their  ver-    ^  ^^  t 

tical  positions.  ^ 

Since  a  moment  of  flexure  can  only  be  neutralized  by  another  oj)- 
posite  moment,  there  must  exist  another  force,— pi,  acting  on  the  pier 
B,  which  in  combination  with  +i^ij   on  the   lever    /,   equals  precisely 

M 

J/i  ^fh;  in  other  words,  p^  must  be  equal  to  —j—  and  il/i  =  p^l^. 

n 
For  any  section  C,  of  the  beam  A  B,  the  moment  of  flexure  is  equal 

io  the  force  pi  multiplied  by  the  distance  x,  and  the  greater  x  is,  the 


152 

greater  the  moment  of  flexure  in  C  Wlaen  x  becomes  equal  to  l^  tlie 
maximum  of  the  moment  is  reached,  namely  M^  =7>i  h-,  whilst  at 
A,  the  moment  of  flexure  acting  on  the  beam  is  zero  because  x  is 
zero.  And  as  the  curvature  of  a  beam  increases  directly  as  its  moment, 
the  beam  is  not  bent  at  all  at  A,  but  is  gradually  bent  more  and  more 
the  nearer  we  come  to  B. 

Prom  what  has  been  said,  this  law  can  be  deduced  :  that  the  applica- 
tion of  a  moment  My  to  the  central  pier  of  an  end  truss  span  of  a  continu- 
ous girder  does  call  forth  two  forces,  -\-  pi,—p\,  which,  however,  do  not 
alter  the  sum  of  the  reactions  A  and  B  of  this  span  in  whatever  manner 
it  may  be  loaded. 

The  moment  My  reduces  the  pressure  on  the  pier  A,  but  only  by  in- 
creasing with  the  same  amount, — py  the  pressure  on  the  pier  B.  From 
this  observation  it  further  follows  that  by  the  principle  of  continuity,  no 
load  resting  on  an  end  span  can  be  carried  over  to  the  next  span,  but  that 
the  sum  of  these  loads  always  is  neutralized  by  the  two  nearest  piers  be- 
tween which  it  acts.  The  distribution  only  of  the  reactions,  which  for 
single  spans  is  governed  by  the  law  of  the  lever,  in  the  end  spans  of  con- 
tinuous girders  is  modified. 

What  has  been  said  of  a  single  span  acted  upon  by  one  moment  My  is 
equally  true,  if  on  its  other  end  another  moment  il/o  would  act.  All  we 
need  do  is  to  add  together  the  effects  due  to  each  separate  moment. 
Therefore,  also,  any  load  acting  on  a  middle  span  of  a  continuous  girder 
is  taken  up  by  the  two  nearest  piers.  Also,  in  this  instance,  the  sum  of 
the  two  partial  reactions  belonging  to  this  span  on  these  piers,  equals 
the  total  load  between  them.  Only  the  proportion  between  these  re- 
actions, by  the  principle  of  continuity,  is  modified. 

This  result  could  have  been  anticipated  from  the. following  considera- 
tion:   The  strut  CD,  Fig.  4,   carries  down  to  Fig.  4. 
the  pier  D  the  loads  due  to  the  span  G.     As              ^'  ^ 
long  as  the  bearing  D  is  inelastic,  the  diagonal  ^, 
D  E  can  not  be  drawn  down  and  the  vertical  ^ 
jjressures  carried  by  the  memliers  CD  and  ED 
must  be    directly  annihilated  in   D.     The  case   would  be   very  much 
different  if    the  pier   D  Avere   elastic,*   for   then   there   would  arise   a 

*  The  supposition  of  elastic  supports,  consisting  of  systems  of  springs,  was  investigated  by 
the  writer,  in  an  extensive  scries  of  calculations,  with  a  view  to  determine  whether  thereby 
any  economy  could  be  secured.  The  result  was,  that  the  variable  positions  of  the  movable 
load  so  much  reduced  any  gain  in  the  churds  that  the  additional  expense  of  the  systems  of 
springs  left  no  economy  for  a  structure  of  this  kind. 
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deflection  of  the  truss  G  F  in  D,  and  a  portion  of  the  shearing  force 
from  one  truss  could  travel  to  the  next  one. 

Ha^aug  learned  that  the  moments  3/,,  M,,  Mj  cause  the  existence 
o f pairs  of  forces -(-^)i  —pi,  +  p-i  —  P'l,  -\- pz  ~  Ps,  -\-Pi  —pi,  itc./tit  is 
very  easy  now  to  express  the  exact  value  of  the  moments  by  the  forces  p  i 
p.,  &c.,  and  their  levers  l^  I.2  h,  &c.  These  values  simply  are  (w]jbeing 
the  number  of  spans)  : 
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and,  finally,  0  =  3/„=  sum  of  moments  (p^)  :=  2  [pi],  (from  j^i  to^i^»i.) 
The  last  moment  3I„.i  is  equal  to  2„,  ^  [pi)  and  also  is  equal  to  the  moment 
p)„  In ,  so  that  the  (m-1)  moments  are  sufficient  to  calculate  the  n  forces 
pi  2^2  •  •  •  2^,1.  After  these  preparations  we  j)roceed  to  the  values  of 
the  angles  <r.'i  fd^  y -^  5^;  a^  [^2  Y'l  ^i\  &c.,  &c.  Can  these  values  really  be 
calculated  ?  With  the  answer  of  this  question  in  the  affirmative  or  nega- 
tive stands  or  falls  the  whole  theory  of  continuity  of  girders  ;  and  this 
question  is  followed  by  another  :  can  we  calculate  with  a  sufficient  degree 
of  reliabihty  the  elastic  line  of  a  single  span  bridge?  The  originally 
straight  truss  A  B  through  the  influence  of  Fig.  6. 

live  or  dead  loads  has  received  a  deflection.  ^       ?!.        ' 

The  angle  A  G  B,  which  originally  equalled 
180°,  has  been  altered,  and  the  alteration - 
X  G  B  was  caused  by  the  loads. 

The  question  then  arises,  can  the  angle  x  G  B  he  calciilated  with  a 
sufficient  degree  of  reliability?  The  alteration  of  the  angles  around  Cis 
equal  to  the  sum  of  the  alterations  of  the  separate  angles.  Each  angle  is 
altered  because  each  side  of  each  triangle  has  been  altered  in  length. 
Some  sides  have  been  shortened  under  jiressure,  some  have  been  extend- 
ed under  tension.  These  extensions  and  compressions  are  very  small, 
and  it  is  very  difficult  to  measure  them. 

If  we  knew  the  alterations  of  the  sides,  also  what  are  the  altered  angles, 
calculation  would  be  possible.  But  to  determine  the  extension  or  com- 
pression of  each  side  of  each  triangle,  it  is  necessary  to  know  for  each 
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side,  tlie  total  strain  and  the  exact  value  of  the  cross-section,  and  precisely 
how  much  each  side  (each  member)  will  extend  or  compress  under  the 
action  of  a  ton  per  square  inch.  The  extension  or  compression  of  a 
member  of  a  girder  therefore  depends  on  the  strain  per  square  inch  at 
any  point  of  this  member,  and  on  quality  of  the  material. 

For  plain,  single  s^^an  bridges  with  hinged  joints,  the  law  of  the  lever 
teaches  us  to  calculate  the  total  strain  in  any  member.  "We  have  reduced, 
in  principle,  the  problem  of  continuous  girders  to  a  combination  of  prob- 
lems on  single  spans.  Hence  also  for  continuous  girders  we  could  deter- 
mine those  total  strains,  if  it  were  possible  to  calculate  the  deflections  of 
•single  span  girders.  But  we  do  not  know  beforehand  the  sectional 
areas  of  the  different  members  of  a  continuous  girder;  on  the  contrary,  it 
is  just  our  problem  to  find  those  sections  which  are  most  suitable. 

The  theory  of  continuous  girders  as  treated  in  text-books,  leaps  over 
this  difficulty  by  making  an  arbitrary  supposition,  namely,  that  aU  sections 
;are  equal.  We  shall  have  occasion  to  show  that  this  is  by  no  means  cor- 
rect, but  causes  an  error  of  about  15  per  cent,  of  the  calculated  values,  and 
this  error  probably  is  as  large  as  the  theoretical  gain  claimed  for  the 
chords  of  continuous  girders. 

As  far  as  the  nature  of  the  material  is  concerned,  we  know  that  exten- 
sions and  compressions  are  proportional  to  the  strains  per  square  unit, 
and  that,  in  order  to  find  them,  the  strain  per  square  unit  must  be  divid- 
ed by  a  coefficient  proper  to  the  material,  which  is  called  the  modulus, 
and  the  quotient  thus  obtained  must  be  multiplied  by  the  original  length 
of  the  member.  The  next  question  is,  therefore,  do  we  know  the  value 
of  this  modulus  for  the  material  used  ? 

This  question  must  be  answered  by  experiment.  It  belongs  to  the 
science  of  natural  philosophy.  The  physical  suppositions  upon  which 
mathematical  investigations  are  based  should  always  be  founded  on  un- 
deniable facts,  since  the  truth  of  these  suppositions  is  the  conditio  sine  qua 
noil  of  the  value  of  the  resulting  formula\  For  the  supi^osition  being 
reduced  to  a  mere  hypothesis,  it  is  AvhoUy  indifferent  by  what  brilUant 
and  elegant  analytical  or  graphical  method  the  deficiencies  of  the  foun- 
dations are  hidden. 

The  theory  assumes  that  the  modulus  of  elasticity  for  any  i>art  of  a 
girder  is  a  constant  value  unaltered  to  any  noticeable  extent  by  manu- 
facture ;  or  by  rivets,  covering  plates,  different  sections  of  rolled  iron, 
or  by  thickness  of  the  metal,  &c. ,  &c.  Practical  men  wiU  be  likely  to 
demand  that  the  truth  of  this  broad  hypothesis  be  demonstrated.  There- 
fore, previous  to  calculating,  let  us  examine  the  hypothesis  of  the  theory 
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of  coiitiuuity.  Nowhere,  in  applied  science,  the  necessity  for  such  examin- 
ation is  more  urgent. 

The  extensions  and  comjiressions  allowed  in  practice  are  very  small 
quantities.  Defective  testing  machines,  unacquaintance  or  unfitness  of 
experimenters  to  such  delicate  work,  temi^erature,  variability  of  manufac- 
ture of  material  under  test,  varial>ility  of  its  chemical  composition,  dens- 
ity, uniformity,  &c.,  are  causes  of  great  errors.  Often  the  number  of 
tests  were  too  small  to  draw  therefrom  any  justified  conclusion,  or  the 
elements  of  time  and  motion  have  been  neglected,  or  experimenters 
overlooked  other  imiaortant  elements  altogether.  There  are  also  in- 
stances that  experimenters  were  not  impartial,  and  that  theories  have 
been  formed  first,  and  experiments  have  been  arranged  afterward  to  suit. 
Experimenters  may  reject  results  which  in  their  opinion  seem  untrust- 
worthy, whilst  they  report  and  elaborate  others  which  to  them  seem 
in-obable  because  favorable  to  their  theory.  Or,  experiments  were  made 
on  one  sort  of  material  and  api^lied  to  material  of  quite  a  different  nature 
and  section.  It  is  by  no  means  an  easy  labor  to  conduct  trustworthy  ex- 
jDeriments  on  the  elasticity  of  material,  and  Professor  Wullner*  is  per- 
fectly correct  in  saying  :  "  The  examination  of  the  elasticity  of  soM 
bodies  is  one  of  the  most  difficult  in  the  whole  science  of  natural  phi- 
losophy. In  order  to  conceiA^e  its  laws  sufficiently,  the  most  intricate 
mathematical  investigations  and  the  most  subtle  experiments  are  re- 
quired."    These  two  conditions  rarely  are  found  combined. 

We  shall  soon  see  that  the  theory  of  continuous  girders  was  built  iip 
exclusively  by  men  of  purely  mathematical  capacities,  and  that  they  did 
not  begin  with  that  cautious  examination  of  their  suppositions  which  is 
demanded  by  true  science  as  much  as  by  practice.  It  is  triie  that  some 
theories  have  been  worked  out  before  the  basis  properly  was  investigated, 
and  are  applicable  because  the  results  of  such  theories  wereJinaUi/  tested. 
But  we  have  no  such  experiments  on  continuous  girders.  For  the  meas- 
ured deflections  of  executed  continuous  bridges  are  neither  sufficiently 
exact  nor  are  they  of  use  for  our  purpose,  since  we  do  not  know  what 
jDermanent  sets  w'ere  i^roduced  after  removal  of  the  false-work,  nor  was 
the  modulus  of  each  member  previously  examined  and  recorded. 

This  remark  also  apphes  to  single  spans,  and  the  question  therefore 
again  most  pertinently  arises,  whether  the  exactly  calculated  deflection  of 
a  single  span  ever  did  agi-ee  with  its  real  deflection.  Logic  compels  lis  to 
acknowledge  that  such  coincidence  is  impossible,  save  by  sheer  accident ; 
for,  w^ho  has  examined  the  modulus  of  each  finished  riveted  compression 

*  In  the  first  volume  of  his  work  on  physics. 


156 

member,  or  of  each  rod  or  bar  of  a  bridge  ?  Who,  therefore,  was  capable 
of  calculating  the  deflections  ?  Moreover,  these  calculations  generally 
have  been  faulty,*  and  if  engineers  assert  that  the  deflections  of  their 
bridges  agree  with  their  calculations,  either  the  first  Avere  erroneously 
calculated  or  the  second  not  well  observed. 

Since  we  have  no  experiments  on  the  qualities  of  finished  continuous 
girders,  the  more  should  we  examine  the  results  of  experiments  on  the 
values  of  moduli  of  iron  and  steel.  These  experiments,  fortunately, 
are  very  numerous  indeed,  and  gives  us  all  information  wanted,  whilst, 
unfortunately,  theorists  on  continuity  have  not  considered  it  worth  while 
to  consult  this  great  quantity  of  scientific  material  previous  to  entering 
into  mathematical  speculations. 

II.  Experiments  on  the  Values  of  the  Moduli  of  Ikon  and  Steel. 
— Bornet,  in  France,  over  40  years  ago,  made  experiments  on  rods  of 
chain  iron  0.2  inches  in  diameter  and  21  feet  long.  The  original  modu- 
lus found  was  35  500  000  pounds,  and  under  strains  of  20  000  pounds  per 
square  inch,  it  decreased  to  28  500  000  pounds.  Ardant,  in  France,  for 
soft  annealed  wire,  up  to  strains  of  35  000  pounds  per  square  inch,  found 
the  modulus  to  be  2i  000  000  pounds,  and  for  hand-drawn  wire,  up  to 
strains  of  42  000  ^jounds  per  square  inch,  it  was  27  300  000  ijounds. 
Whilst  of  wire,  Ardant  did  not  perceive  any  lowering  of  the  modulus  up 
to  strains  of  42  000  pounds,  Bornet  remarked  a  diminution  beginning 
with  strains  of  8  500  jDounds  per  square  inch.  It  is  not  stated  by 
Morin,  who  reports  these  results,  in  what  manner  the  experiments  were 
made. 

Hodgkinson  made  (only)  two  tensile  experiments  on  long  rods  to  de- 
termine their  extensions  with  exactness,  and  found  the  original  modulus 
of  one  bar  equal  to  23  900  000,  and  of  the  other  to  22  400  000  pounds; 
Edward  Clark  gives  29  000  000  pounds.  Vicat's  experiments  on  hard 
wire  with  0 . 1  inches  diameter,  resulted  in  a  modulus  of  28  200  000,  and  for 
wire  well  annealed,  20  660  000  pounds.  Morin  for  hardened  wire  gives 
28  100  000,  and  for  annealed  wire  22  400  000  pounds. 

Experiments  of  a  more  practical  value  were  made  by  Malberg,  in 
Prussia,  on  occasion  of  his  building  the  Muhlheim  suspension  bridge. 
The  bars  for  this  structure  were  made  by  Herr  Daclen.     The  iron  was  of 

*  The  iuflueuce  of  tlie  webs  ou  deflections,  generally  is  neglected.  With  the  exception  of 
by  Schwedler  (see  official  Engineering  Periodical — Zeitschrift  far  Bauivesen,  Berlin),  no  snc- 
cessful  attempt  was  made  to  examine  the  influence  of  web  posts  and  diagonals.  In  the  Appen- 
dix, we  shall  show  that  this  influence  is  enormous  and  very  perplexing;  in  fact,  that  calcu- 
lations of  continuity  of  bridges  without  properly  considering  the  webs,  are  worse  than 
worthless.  The  calculations  there  shown  were  first  developed  by  the  writer  in  1869,  and  are 
not  found  elsewhere. 
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best  German  stock,  tlie  puddle  loops  well  hammered,  rolled,  piled  and  re- 
rolled.  All  bars  were  of  the  same  stock,  same  make,  same  length,  same 
sectional  shape  and  area.  Their  moduU,  however,  varied  from  20  000  000 
to  27  000  000  pounds,  which  gives  a  difference  of  35  per  cent,  for  the  same 
kind  and  section  of  bars.*  This  great  variability  of  moduli  of  bars  of 
even  the  same  shape  and  material,  was  further  noticed  on  occasion  of  the 
construction  of  the  Vienna  Kailroad  suspension  bridge,  where  bars  of 
the  same  modulus  were  put  into  the  same  panels. 

I  have  myself  had  occasion  to  test  many  thousand  of  eyebars,  up  to 
about  40  feet  length,  and  varying  in  section  from  1  to  14.25  inches  square. 
The  moduli  of  these  bars  varied  much  according  to  their  cross-sections, 
and  were  from  18  000  000  to  40  000  000  pounds,  and  even  higher.  These 
results  were  confirmed  by  other  inspectors  of  bridge  work,  for  instance, 
by  Mr.  B.  Nicholson. f 

We  turn  to  moduli  of  steel.  Morin,  for  steel  0.167  inches  square, 
from  Petin  &  Gaudet,  found  31  000  000  and  31  800  000  pounds.  Direct 
tensile  experiments  on  Krupp's  steel,  by  Woehler,  gave  on  the  average, 
a  modulus  of  32  560  000  pounds,  whilst  from  flexure  he  calciilates  31 100- 
000  j)ounds. 

Prof.  Staudinger,  of  Munich,  has  made  careful  tests  on  Bessemer 
metal,  J  when  the  moduli  were  found  to  be  independent  of  the  quantity 
of  carbon  combined  Avitli  the  iron,  g  The  following  table  contains  the  re- 
sults of  his  experiments  : 

Moduli  in  MrLLioisr  Pounds  per  Square  Inch. 


Carbon— per  cent 0 .  14 

Tensile   moduli,    short  1  L, 

pieces  test ) 

Compressive  moduli. ..  .J38.2 

Tensile  moduli  of  bars. . .  i32.2 

Do.  screw  rods  13  ft.  long ,28. 8 

1 
Moduli  by  flexure 28.4 

Tortional  moduli 


0.19 

0.46 

0.51 

0.54 

0.55 

0.57 

0.66 

0.78 

0.80 

0.87 

0.96" 

30.4 

32 

31.4 

30.6 

31.5 

31 

32.4 

32.5 

30.5 

31 

31.2 

37 

32.7 

32.4 

36 

33.4 

29.5 

33.4 

... 

32 
32 
28.9 

35.6 
32.7 
31.5 

32.4 

32.3 

31.5 

32.7 



29.1 

28.4 

30 

28.8 

30.3 

29.3 

32  1 

30.4 

33 

30.7 

29.3 

12.15 

12.1 



12.1 



11.9 

..3 

12.1 

12.7 

12.1 

11.4 

This  shows  differences  of  moduli  as  large  as  33  per  cent. ,  for  the 
same  class  of  metal.  It  also  proves  that  Hodgkinson  is  wrong  in  quoting 
the   compressional   modulus   of  wrought  iron   lower   than   the   tensile 

*  Herr  Daclen  is  an  authority,  known  by  his  universal  mill,  a  treatise  on  the  art  of  shape  roll- 
ing, and  his  invention  of  weldless  rolled  eyebars,  known  as  Howard's  Patent,  t  At  Phcenixville, 
Pa.  tFrom  the  Pernltz  Works  in  Austria.  §  The  quantity  of  carbon  rose  from  0.14  to  0.96  of 
one  per  cent.  Metal  with  0.14  is  soft  iron,  with  0.19  to  0.30  it  is  granular  ii-on  (of  a  fine  grain) 
or  hard  iron,  then  comes  soft  steel,  which  increases  in  hardness  with  the  carbon  contained. 


158 

motlulus  ;  it  again  gives  evidence  that  the  softest  metal  (that  contains 
0.14  per  cent,  of  carbon)  may  give  a  higher  compressional  modulus  than 
even  the  hardest  steel  of  this  table. 

At  the  Vienna  Exposition,  a  set  of  test-pieces  could  be  seen,*  which 
showed  as  follows  : 

Carbon— per  cent 1.  0.75            0.5            0.28            0.12 

Specific  gravity 7.83  7.84            7.85          7.86            7.88 

Tensile  modulus  (millions  pounds)        25.1  24.6            27.7          24.9            26.1 

Ultimate  tensile  strength 90  000  80  000  70  000       67  000        65  000    pounds. 

The  modulus  of  this  class  of  steel  and  iron  was,  in  the  average,  notic- 
ably  lower  than  those  for  Ternitz  iron  and  steel,  the  difference  being 
about  20  per  cent. 

B.  Baker  made  some  experiments  on  steel  bars  previous  to  his  experi- 
ments on  crippling  strength  and  found  the  modulus  from  29  100  000  to 
37  330  000  pounds,  which  result  shows  a  difference  of  28  per  cent. 
He  saysf  "Every  practical  man  who  has  noted  the  behavior  of  iron 
girders  under  bending  stresses,  knows  whilst  one  girder  may  deflect  a 
certain  amount  under  the  test,  another  one  precisely  similar  and  j)laced 
apparently  under  precisely  the  same  condition,  may  deflect  some  30  per 
cent,  more  or  less." 

Hodgkinson  made  two  direct  exjjeriments  on  the  comi^ression  moduli 
of  iron,  and  found  19  200  000  and  ^1  000  000  pounds.  These  two  experi- 
ments strengthened  Hodgkinson  in  his  belief  of  the  correctness  of  his 
theory  as  to  a  Aveakness  of  wrought  iron  under  crushing  stresses,  whilst 
they  only  prove  how  easily  an  experimenter  may  be  misled.  Duleau,  in 
France,  directly  measured  the  compressions  of  fibres  in  comparison  with 
their  extensions,  which  he,  differing  from  Hodgkinson,  found  to  be 
exactly  equal. 

Very  valuable  hints  as  to  the  qualities  of  iron  can  be  derived  from 
experiments  on  flexure,  which  can  be  conducted  easily  with  sufficient 
accuracy.     Morin,  by  such,  determined  the  following  moduli  : 

For  iron  from  works  near  Rouen 31  800  000  pounds. 

"     Jackson  P6tiu  &  Gaudet 28  400  000 

'•     Ale' Lik  (.\lgeria) 28  960  000 

Englisli  crown  bars 23  440  000 

French  I  beams  with  equal  flanges 29  330  000 

"    unequal     "     24  400  000 

beams  also  from  Dupont  &  Dreyfussin  Ars  sur  Moselle,  26  000  000 

equal  flanges 23  600  000 

unequal  flanges....  23  000  000 

"  "  "  "  same  beam  reversed  23  000  000        " 

Here  again  we  have  differences  of  moduli  amounting  to  39  i:)er  cent., 
and  for  the  same  class  of  iron  (Lorraine  beams)  of  27  per  cent. 
*  Bessemer  metal  from  the  Reschitza  Works  in  Hungary. 
t  In  his  book  on  Beams  and  Columns. 
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Thomas  D.  Lovett*  lifis  lately  furnished  an  elaborate  series  of  experi- 
ments on  compression  members,  such  as  actually  used  in  the  bridges  of 
the  Cincinnati  Soiithern  Ky.  Up  to  the  time  of  his  rei^ortf  65  compres- 
sion members  had  been  tested  and  broken  ;  their  moduli  varied  from 
19  300  000  to  34  600  000  pounds.  + 

Experiments  on  hollow  wrought  iron  tubes  made  by  Hosking  gave 
these  results  : 

Modulus  of  a  rectangular  tube 20  405  000  pounds. 

round  tube 24  500  000        " 

"      elliptic   "     24  300  000 

Moduli  of  rails,  experiments  made  by  Moriu  : 

Tredegar  iron,  double  headed,  maximum  modulus 27  730  000  pounds. 

Viguole's  French  rails,  average  modulus 26  400  000 

Dowlais  rails,  double  headed,  minimum  modulus 21  100  000 

the  greatest  difference  being  31  per  cent.  Morin  believed  that  the  gi-eat 
variations  of  moduli  (even  of  rails  of  same  section  and  make)  should  be 
explained  by  the  quality  of  the  iron,  and  he  judges  that  the  better  metal 
should  show  the  higher  modulus.  But  the  great  variations  also  of 
moduli  of  bars  of  undoubtedly  excellent  make  and  of  gi-eat  uniformity 
seem  to  disprove  his  judgment.  He  states  that  he  has  met  with  moduli, 
as  low  as  17  000  000  pounds,  while  I  have  observed  18  000  000  as  a 
minimum. 

There  seems  to  exist  this  law — that  the  moduli  of  bars  of  same  sec- 
tion made  from  double  refined  iron  bars  (rolled  three  times,  packeted  and 
welded  t-wice),  such  as  called  best-best,  are  more  uniform  than  bars  made 
from  best  iron,  such  as  were  used  by  Herr  Malberg  in  the  Muhlheim  sus- 
pension bridge.  At  least,  many  thousands  of  bars  tested  at  Phosnixville, 
Pa.,  proved  to  be  remarkably  uniform  in  their  moduli  as  long  as  they 
were  of  the  same  section,  whilst  the  moduli  were  very  variable  when 
bars  of  different  sections  were  compared.  On  the  other  hand,  Styffe's 
experiments,  which  were  made  on  excellent  steel  and  iron,  gave  a  maxi- 
mum tensile  modulus  of  34  584  000,  and  a  minimum  of  27  585  000 
j)ounds,  which  is  similar  to  that  of  an  iron  rail  from  Avon,  in  Wales. 

Morin's' experiments  on  flexure  of  unhardened  steel  gave  the  following 
results : 

Maximum.     Minimum. 

From  Petin  &  Gaudet,  refined 28  800  000        28  100  000 

puddled 31800000        29  200  000 

crucible 32  300  000        29  200  000 

Krupp's 32200000        28  700  000 

"       meau  of  17  experiments 30  300  000 

English 28  900  000 

*  Consulting  Engineer  of  the  Cincinnati  Southern  Ey.      t  November  1st,  1875. 
+  These  experiments,  which  conclusively  prove  the  superiority  of  the  American  system  of 
bridge  details,  are  very  complete,  and  will,  doubtless  attract  much  attention. 
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It  should  be  noticed,  that  eveu  for  the  finest  metal  that  we  know,  such 
■as  crucible  steel,  the  variation  in  its  modulus  amounted  to  11  per  cent., 
and  for  the  renowned  Krupp  steel,  12  per  cent. 

The  most  accurate  experiments  are  still  to  be  mentioned  (those  of 
Herr  Woehler),  made  by  suspending  the  test-i)iece  A  A,  so  that  it  could 
■expand  freely  ;  the  lever  L  L  carried  the  Fig.  7. 

load  P  and  the  arms  A  B,  A  B  were  exactly  T     ^  ^    t 


t- 


equal  ;    the  piece    B  B,   acted  upon  by  a^ 

constant    moment   of    flexure,   carried   the 

measuring  aparatus  C  v,  v  C,  by  which  the 

deflection  of.    C  G  could  be  very   exactly 

found.       In  this   apparatus  the  deflections   of   the  test  pieces  become 

comparatively  very  large,  and  piece  C  C  was  free  from  the  influence  of 

knife  edges. 

These  are  Herr  Woehler's  results  : 

Modulus  of  iron  from  Laura  huette 28  930  000  pounds 

"  "  Phoenix  huette 29  360  000     " 

"  "  Miuerva  huette 31680  000    " 

"  LowMooriron 31230  000    " 

"  homogeneous  iron  from  Pearson,  Coleman  &  Co 32  340  000    " 

Bochum  steel 32  000  000     " 

Krupp  steel 31  600  000    " 

All  these  materials  were  of  unusually  excellent  quality,  and  the  maxi- 
mum difference  still  was  12  per  cent. 

The  same  variability  which  we  have  found  to  exist  between  iron  and 
steel,  not  so  much  as  to  the  quantity  of  carbon  contained,  as  from  imper- 
fections of  manufacture  and  other  causes  unknown  to  us,  was  noticed 
with  the  shearing  or  torsional  moduli.  Thus  Duleau  found  for  iron 
from  Perigord,  moduli  of  14  450  000,  and  again  of  only  of  7  980  000 
pounds.  Iron  from  Arrieges  gave  8  450  000,  English  iron  9  860  000,  and 
also  12  800  000  pounds.  Wiebe  in  Berlin  quotes  the  shearing  moduli 
thus  : 

Soft  wrought  iron 9  000  000  pounds        Steel 9  000  000  pounds 

Bar  iron 10  250  000     "  Finest  cast  steel 14  000  000     " 

These  figures  prove  that  we  cannot  know  the  shearing  modulus  of  any 

class  of  steel  or  iron  without  direct  special  experiment. 

Our  conclusions  with   reference   to   the   supi^osition  of   a   constant 

modulus  of  elasticity  for  the  calculation  of  deflections  and  of  continuoiis 

girders  are — from  known  and  unknown  causes  : — First,  plain  iron  and 

steel  bars  vary  in  their  moduli  very  considerably.    The  smallest  modulus 

of  iron  was  found  to  be  17  000  000,  the  maximum  above  40  000  000  pounds. 

Single  refined  bars  of  same  stock,  manufacture  and  section  vary  in  their 
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moduli  by  85  per  cent.  Double  refined  [hcst-Jx'st)  bars  vary  little,  as 
long  as  bars  of  same  section  are  tested,  but  considerably  with  tlie  sec- 
tions, the  minimum  being  18  000  000,  and  the  maximum  above  40  000  000 
pounds.  The  moduli  of  rails  varj^  by  30  per  cent.,  and  similar  results 
must  be  expected  from  common  angles,  beams,  channels,  Sec.  Second, 
consequently,  riveted  bridge  members  composed  of  angles  and  plates  of 
various  thickness  and  manufacture,  interrupted  in  their  homogeneousness 
by  punched  holes,  covering,  reinforcing  splice-plates,  etc.,  must  neces- 
sarily show  still  greater  variations  in  their  moduli  than  was  found  for 
plain  integer  bars.  Third,  the  hypothesis  of  a  constant  modulus  of  elas- 
ticity of  the  material  of  a  bridge  being  unfounded,  the  theory  built  on 
such  hypothesis  should  be  abandoned.  * 

Having  arrived  at  such  conclusion,  we  nevertheless  must  exjiect  to  hear 
an  objection  against  its  logical  consequences,  namely  this — that  num- 
bers of  continuous  bridges  do  good  service  in  practice.  So  they  hitherto 
have  done,  not  because  the  principle  of  continuity  is  admissible,  but  be- 
cause the  factor  of  safety  used  in  their  construction  has  hidden  the  error 
made  in  their  design.  For  the  same  reason,  the  Victoria  bridge  in  Canada 
stands,  which  is  made  continuous,  but  simply  by  combining  two  single 
spans  whose  greatest  chord-sections  are  in  their  centres,  whilst  the 
gi-eatest  chord-strains,  according  to  theory,  would  fall  where  the  cross- 
sections  are  made  the  smallest.  For  the  same  reason,  continuous  di'aw 
bridges  stand,  which  we  find  composed  of  two  halves,  each  designed  as  a 
single  span.  I  know  in  one  instance,  that  a  Hodgkinson  cast  iron 
beam  was  put  in  place  upside  down,  so  that  the  hea\'7  tensional  flange 
was  under  compression  while  the  compressional  flange  of  only  one-fifth 
the  area  of  the  tensional  one  was  strained  under  tension,  and  yet,  on  ac- 
count of  the  factor  of  safety,  the  beam  stood. 

III. — Other  Deficiencies  of  continuous  Giedeks,  as  regarding  the 
imperfections  of  the  theory,  the  danger  from  defective  manufacture, 
from  settling  of  jsiers,  and  the  increase  of  strains  by  the  action  of  the 
heat  of  the  sun. 

In  order  to  find  the  exact  extension  or  compression  of  a  member  of  a 
bridge,  we  must  know  not  only  the  modulus  and  the  total  strain  of  the 
member,  but  also  its  cross-section.     The  i^roblem  of  continuous  girders, 

*  Mr.  Baker  most  pertinently  remarks  with  reference  to  continuous  girders:  "  The  most 
expert  mathematician  would  have  to  devote  a  month  or  more  to  the  preliminary  calculations  of 
a  very  ordinary  bridge,  and  the  result  deduced  would  not  after  all  be  more  reliable  iu  practice 
than  those  arrived  at  by  comparatively  simple  modes  of  investigation,  chiefly  on  account  of 
the  varying  elasticity  of  different  iwrtions  of  even  the  same  plate  of  iron." 
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however,  is  to  find  this  very  section.  The  theory  assumes  that  all  sections 
are  equal,  or  at  least  that  the  moment  of  inertia  of  a  girder  or  a  bridge 
is  a  constant  throughout.  Under  this  supposition  we  get  smaller  chord 
strains  over  the  middle  piers  than  exist  in  reality. 

In  the  case  of  two  equal  continuous  spans  under  full  load,  with 
uniform  moment  of  inertia,  we  find  the  moment  of  flexure  over  a  middle 
pier  to  be  equal  0.125  P  p,  where  p  represents  the  total  load*per  lineal 
foot,  and  I  denotes  the  length  of  each  span  in  feet.  But  if  we  suppose 
that  the  same  bridge,  under  full  load,  shall  be  strained  equally  per  square 
inch,  the  co-efficient  0.125  becomes  0.1464,  which  indicates  strains  over 
the  middle  piers  15  per  cent,  higher.  In  reality,  the  continuous  bridge 
being  not  i^erfectly  varied  in  chord  sections,  the  difference  will  be  less  ; 
but  it  may  be  remarked  that  the  chords  of  a  continuous  bridge,  properly 
designed  according  to  specification,  would  only  be  about  10  per  cent, 
lighter  than  those  of  equal  single  sjjans.  With  an  enormous  amount  of 
labor,  this  deficiency  of  the  ordinary  theory  can  be  corrected,  and  it  has 
been  done  in  a  few  bridges.  But  considering  the  irregularity  of  the 
moduli,  such  labor  seems  superfluous. 

A  serious  cause  of  errors  in  the  construction  of  continuous  girders 
refers  to  the  distribution  of  strains  over  the  posts  and  ties  in  case  that  two 
or  more  web  systems  have  been  adopted.  In  a  single  span  bridge,  a  load 
brought  on  a  panel  joint  of  one  separated  web  system,  being  split  into 
two  shearing  forces  in  accordance  with  the  law  of  the  lever,  there  cannot 
be  any  mistake  about  the  strain  in  a  web  member,  as  long  as  the  end 
posts  are  vertical,  and  if  they  are  inclined,  the  error  can  amount  to  only 
one  increment  of  one  panel  load. 

The  problem  of  web  strains  with  continuous  girders  depends  not  only 
on  the  law  of  the  lever,  but  also  on  the  angles  of  deflection  a,  fi,  y,  d — not 
only  of  one,  but  of  all  sjmiis  together.  We  remember  that  by  the 
moments  3fi ,  Mn ,  M-^ ,  &c. ,  forces  -j^j)  i ,  +_p  o ,  &c. ,  were  originated,  which 
disturb  the  law  of  the  lever.  If,  therefore,  in  a  continuous  bridge  there 
are  two  or  more  web  systems,  we  are  utterly  ignorant  as  to  the  distribu- 
tion of  the  reactions  over  the  two  or  more  systems  which,  at  every  end 
pier  and  at  every  middle  pier  are  connected.  How  much  oi  j^i^  1^2,  l^s^ 
&c. ,  is  acting  in  one,  and  hoAv  much  into  the  other  system  ?  This  we  do 
not  and  cannot  know,  for  the  distribution  of  the  reactions  will  depend 
entirely  on  variations  due  to  manufacture,  in  the  miU  as  Avell  as  in  the 
shops.  It  may  even  happen  that  a  member  of  one  system  receives  ten- 
sion and  the  other  compression.  It  is  therefore  very  desirable  that  con- 
tinuous girders  should  be  built  vnth  but  one  web  system. 
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Hitherto  in  all  our  investigations  Ave  liave  made  tlie  supposition  that 
the  erection  of  continuous  girders  was  of  such  perfection  that  the  single 
spans  were  connected  tinder  the  action  of  moments  ilSfi  J/v,  &c.,  which 
accorded  completely  with  a  perfect  theov^^  Even  with  the  best  staging 
and  under  the  supposition  of  the  most  careful  workmanship  it  will  be 
hard  to  i^erfectly  fulfill  this  condition.  But  suppose  it  were  possible,  and 
that  a  pier  settled.  In  this  instance,  the  girder  would  receive  consider- 
able disturbances  of  its  strains,  Avhich  in  some  points  would  be  decreased, 
while  in  others  increased.  The  deeper  the  girder,  the  gTeater  the  dis- 
turbance from  this  cause  would  become,  so  that  it  seems  advisable  to 
leave  to  the  girder  as  much  plasticity  as  i^ossible,  by  adoiiting  a  depth 
smaller  than  demanded  by  simple  thef)retical  economy.  In  fact,  this 
change  in  the  vahres  of  calculated  strains  could  become  enormous ; 
hence  the  piers  of  continuous  girders  should  lie  built  more  substantially 
than  is  necessary  for  single  sj)ans.     But  this  caution  is  costly. 

The  real  economy  of  continuous  girders,  as  claimed  in  Euroi^e,  when 
compared  with  single  span  lattice  bridges,  consisted  in  building  the 
girders  on  land  and  then  rolling  them  over  the  piers.  This  mode  of 
erection  is  elegant,  but  it  does  not  fully  secure  the  fit  of  the  superstruc- 
ture to  its  bearings  on  the  jsiers,  and  it  is  still  doubtful  whether  this 
mode  of  erection  can  compete  with  that  of  single  spans,  designed  with 
the  specific  American  details.  In  the  subsequent  example  of  two  200 
feet  continuous  girders,  we  shall  give  figures  as  to  the  distiirbauce  of 
strains  in  ease  the  girders  do  not  fit  their  supports.* 

What  has  been  said  as  to  the  disturbances  of  strains  by  settlement  of 
jiiers  or  by  badly  executed  girders,  is  equally  true  in  regard  to  the  effect 
of  the  sun.  Saving  bridges  have  been  drawn  crooked  by  the  rays  of  the 
sun  falling  upon  one  side.  In  others,  the  bottom  chords  are  covered  by 
floor  timbers,  and  the  top  chords  are  considerably  overheated  by  the  sun, 
or  unequally  cooled  under  sharp  winds.  The  effect  of  this  unequal  tem- 
perature is  enormous,  and  it  is  sufficient  (even)  to  raise  a  continuous 
bridge  from  a  pier.  In  the  case  of  tubular  girders,  this  objection  has 
peculiar  force.  Hereafter  we  shall  take  examples  and  calculate  the  strains 
caused  by  change  of  temperature  of  the  top  and  bottom  chords  of  con- 
tinuous girders. 

The  last  objection  urged  against  continuous  girders,  refers  to  the  mode 
of  proportioning  those  i^arts  of  their  chords  which  at  each  passage  of  a 

*  In  1867,  tte  writer  gave  attention  to  the  practical  solution  of  the  old  idea  of  weighing  the 
reactions  of  continuous  girders,  and  designed  a  cheap  apparatus  to  accomplish  this  purpose. 
But  the  plan  had  previously  been  tried  in  the  erection  of  a  bridge  in  Silesia,  Prussia. 
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train  liave  to  stand  pressure  as  well  as  tension.  The  space  for  two  spans 
thus  strained  equals  33  per  cent,  of  the  length  of  each  chord.  The  Euro- 
pean practice  to  proportion  these  parts  is  to  find  the  maximum  total 
strain,  divide  it  by  the  maximum  specified  strain  i^er  square  inch,  and 
make  the  actual  section  as  near  to  this  theoretical  section  as  can  be  done. 
This  is  radically  wrong.  Herr  Woehler's  experiments  have  established 
beyond  doubt,  that  the  strain  which  controls  the  durability,  equals  the 
sum  of  the  maximum  tension  and  compression  of  a  chord  piece.  A 
bar  strained  tensily  to  35  200  pounds  per  square  inch,  can  stand,  say, 
100  000  000  repetitions  of  such  strains,  but  if  at  the  same  time  strained 
compressively  to  35  000  pounds,  it  will  break  after  a  small  number  of 
repetitions,  say  100  000,  whereas  if  strained  to  the  limits  of  + 17  600 
pounds,  it  will  show  as  much  durability  as  if  tensively  strained  to  35  200 
I)ounds.* 

Writers  on  continuous  girders,  generally  erred  in  comparing  girders  of 
various  systems  of  the  same  depth,  whereas  the  proper  depth  of  girders 
is  a  measure  peculiar  to  each  system  of  design  and  essentially  depending 
on  the  relative  quantities  of  chord  and  web-strains.  The  smaller  the 
web-strains,  the  deeper  a  girder  can  be  built.  But  the  web  material 
needed  for  continuous  girders  exceeds  that  of  single-span  girders  by,  say, 
10  per  cent.,  while  the  material  necessary  for  the  chords  (according  to 
theory)  is  just  about  as  much  less.  The  consequence  is,  that  an  increase 
of  dejath  increases  the  web  material  more  rapidly  than  is  the  case  for 
single-span  girders.  Because  of  this,  probably,  parabolic  girders  were 
built  much  deeper  in  Europe  than  quadrangular  trusses,  and  there  is  no 
reason  why  this  same  principle  should  not  be  applied  to  continuous 
girders.  Even  an  engineer  like  Prof.  Ivulmann  in  Zurich,  made  the 
mistake  of  comparing  parabolic,  continuous,  quadrangular,  single  and 
WaiTen  girders  by  su23posing  all  of  them  to  be  of  the  same  depth, 
namely,  one-tenth  of  their  lengths. 

Eor  comparison,  I  here  give  a  few  figures  taken  from  the  calculations 
for  the  new  Buda-Pest  bridge  f  in  Hungary,  now  under  progress  of  erec- 
tion. There  will  be  4  spans,  of  321  feet,  carrying  two  tracks,  depth  32 
feet,  each  calculated  for  3  000  pounds  per  foot  ;  strains  9  710  pounds  per 
square  inch  ;  compression  correspondingly  ;  weight  of  iDarabolic  trusses 
285  500,  and  of  continuous  lattice  trusses  270  300  kilogrammes  (two  spans 
each).  "We  know  tliat  American  trusses  of  proper  proportions  can  be  built 
lighter  and  cheaper  than  parabolic  trusses,  and  therefore,  also,  in  this  in- 

*  For  further  information  on  this  subject,  compare  Herr  Woehler's  Report  in  the  Berliner 
Zeitsdiri/t  fur  Bamvesen,  from  which  a  few  results  are  quoted  in  Appendix  A. 

t  See  Stummer's  Engineer,  Vienna,  1875. 
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stftuce  there  is  no  reason  for  giving  on  the  score  of  greater  economy  the 
preference  to  coutinuons  lattice  trusses.  But  the  contractor  had  made  a 
very  low  bid  and  desired  the  continuous  bridge  to  be  chosen,  though 
originally,  single  spans  were  designed  and  bid  upon.  These  continuous 
girders  are  intended  to  be  rolled  over  the  piers.  The  depth  of  one-tenth 
is  decidedly  too  low  for  single  spans;  they  should  have  been  taken  at  40 
instead  of  32  feet. 

Herr  Schwedler,  in  Berlin,  who  certainly  has  as  much  experience  in 
European  bridge  building  as  any  other  engineer,  and  who  is  so  much  an 
authority  in  theoretic  matters  that  not  even  the  most  distinguished  theo- 
rist can  very  well  set  him  aside,  in  1865*  had  made  it  his  strict  rule 
neither  to  build  nor  to  recommend  continuous  girders  or  arches  without 
at  least  hinges  at  the  skewbacks.  He  builds  a  species  of  bow-string 
girders  with  dej^ths  of  one-seventh  of  the  span,  which,  though  to  Ameri- 
can eyes  is  complicated  in  details,  yet  are  decidedly  superior  to  continu- 
ous girders. 

I  have  now  explained  why  I  cannot  admit  that  it  is  desirable  that 
American  bridge  engineers  should  seriously  regard  continuous  girders, 
however  attractive  they  may  be  to  some  mathematicians  on  account  of 
the  wide  field  for  interesting  ^jroblems  iiresented,  and  shall  proceed  to 
briefly  lay  down  the  theory  such  as  derived  from  the  suppositions 
which  were  found  questionable,  whereupon  an  application  shall  be  made 
to  two  200  feet  railway  spans  in  comparison  with  single  spans.  There  we 
shall  find  occasion  to  test  all  what  has  been  said  in  previous  paragraphs, 
also  to  examine  the  probable  or  possible  errors  of  design,  and  thus  to 
arrive  at  final  conclusions. 

This  investigation  wiU  have  a  negative  and  also  a  positive  value; 
negative,  because  we  spend  useful  time  on  the  study  of  an  objectionable 
system,  and  positive,  because  we  once  more  wiU  have  occasion  to  learn 
that  in  our  art  also,  the  most  perfect  system  must  be  the  most  simi^le  one. 

TV. — Generaij  Development  of  a  simple  Method  op  Finding  the 
PRiNcrpAL  FoEMUiiA  OF  CONTINUOUS  GiRDEKs. — The  angles  a,  /?,  S,  y, 
<fec.,  can  be  found  by  considering  one  single  formula  developed  in  the 
theory  of  single  sj)an  beams,  which  in  the  following  paragraph  will  be 
used  repeatedly.  For  the  present,  we  make  the  same  suppositions  which 
are  used  by  other  writers,  though  contested  by  us.  We  assume  there- 
fore, First.  The  modulus  of  elasticity  of  iron  is  a  constant  and  known 

*  See  Herr  Schwedler's  theses  oh  bridge  building  in  the  Zeitschrift  fur  Bauwesen.  The 
very  excellent  scientific  pocket-book,  Des  Inqenieurs  Taschenbuch  des  Verein  Hutte,  10th 
edition,  Berlin,  does  not  treat  continuous  bridges. 
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value.  Second.  The  continuous  girders  tlirougliout  have  the  same  cross- 
section,  moreover  they  have  straight  parallel  chords.  Third.  The  de- 
flections of  these  girders  are  not  modified  by  the  shearing  forces;  in 
other  words,  the  struts  and  ties  of  the  web  do  not  change  their  lengths. 
Fourth.  The  web  systems  of  the  girders  are  so  arranged  that  there  is  no 
doubt  of  the  office  of  each  separate  system  of  struts  and  ties,  which 
condition  can  only  be  fulfilled  in  case  of  but  one  system  of  diagonals 
and  posts.  Fifth.  The  temperature  of  all  members  is  alike,  and 
cannot  change  in  any  sejaarate  member.  We  use  this  notation  :  E 
is  the  modulus  of  elasticity  in  pounds  i^er  square  inch,  which,  as 
known,  is  the  measure  of  stiffness  of  material,  the  greater  the  modulus 

or  the  less  the  value  of  -^  the  less  proportionally  are  the  elastic  deforma- 
tions. /  is  the  moment  of  inertia  of  the  girder,  equal  for  a  skeleton 
truss,  to  the  cross-section  of  one  chord  multiplied  by  one-half  the  square 
of  depth  of  the  truss,  all  dimensions  taken  in  inches.  Like  E,  the  value 
/  stands  in  inverse  geometrical  proportion  to  the  deflection  of  a  beam 
or  girder,  i^j  po  •  •  •  Pnii  denote  the  elastic  reactions  in  jjounds  caused 
by  the  unknown  moments  Mi  i)/,  Ifj  •  •  •  -^^«-i  over  the  middle 
Idlers  of  continuous  girders,  h  h  l-j  •  •  •  L  ai'e  the  lengths  of  the  spans 
in  inches,  consequently  il/j  il/o  .  .  .  iJ/n-i  must  be  measured  in  pound 
inches. 


Fig.  8. 


The  above  figure  represents  a  truss  A  B,  which  is  supposed  to  be  acted 
upon  by  no  other  forces  but  the  pair  -f  -S'l ,  —  *S'i ,  which  create  a  moment 
3I=Sh  counteracted  by  a  force  j)  in  A.    This  force  j>  in  combination  with 
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— J}  iu  B  on  the  lever  I  {—A  B)  has  the  tendency  to  turn  the  truss  AB  in 
opposite  direction  to  M,  and  to  j)roduce  equiHbrium  ;  consequently 
pi  must  equal  M.  The  sum  of  the  horizontal  as  well  as  of  the  ver- 
tical forces  being  zero,  no  movement  of  the  truss  A  B  will  be  possible  ; 
nevertheless  its  elasticity  will  cause  a  flexui-e  which  increases  in  curva- 
ture from  A  to  B.  This  is  due  to  the  moments  of  flexure  increasing  in 
geometrical  progi-essiou  from  A  to  B,  which  moments  in  the  triangle 
ABC  are  represented  by  the  straight  line  A  G.  The  maximum  moment 
occurs  at  B  and  is  =  31=  Sk  ^=  pi.  For  any  distance  x,  from  A  the 
moment  will  be  Mx  =  px. 

The  above  figure  also  reisresents  that  the  total  strains  in  the  chords 
increase  in  geometrical  proportion  from  A  to  B.  At  B  the  total  strains 
will  be  S  and  —  S,  in  A  the  strains  will  be  zero.  The  chords  being 
supposed  to  be  equally  strong  in  section,  the  strains  jier  square  inch  like- 
wise increase  in  a  geometrical  progression  from  A  to  B.  The  web  strains, 
however,  remain  constant  through  the  whole  girder,  because,  according 
to  the  nature  of  this  problem,  the  shearing  force  has  a  constant  value=p.* 

We  know  that  the  expressions  for  the  angles  a  and  [5  must  contain  E 
iind  I  as  divisors,  and  I  and  the  maximum  moment  as  multipliers,  so  that 
we  only  need  find  the  coefficient  to  this  exi^ression.  Actually  the  de- 
velopment gives  : 


and 


""'      &EI~  Q,  EI 


'       ZEI"  Z'Ei 


[III.) 


so  that  ft  is  twice  as  great  as  a  ;  (see  Fig.  8). 

In  case  the  truss  A  B  had  been  perfectly  varied  in  sections  to  suit  the 
moments,  the  coefficient  of  ft  would  no  more  be  i  but  would  have  in- 
creased to  \ ,  which  is  50  per  cent,  more  than  under  the  supposition  of  a 
■constant  moment  of  inertia  /,  for  any  section  of  the  truss  A  B;  which 
result  indicates  need  of  caution  in  making  this  supposition  for  continu- 
ous girders. 

The  simple  law  contained  in  Eq.  ( III)  is  sufficient  to  easily  solve  the 
remainder  of  questions  embodied  in  the  theory  of  continuity.  Suppose 
the  girder  J.  P  to  be  acted  upon  by  this  moment  il/i  iu  A  and  by  the 
moment  J/,  in  B,  both  moments  acting  towards  an  increase  of  upward 
flexure.     "What  will  be  the  angles  a  and  ft  ?     This  problem  is  only  a 

*  In  Appendix  B,  it  will  be  shown  how  the  formulse  for  the  angles  a  and  /3,  can,  under  the 
suppositions  made,  be  found  without  the  aid  of  the  infinitesinial  calculus. 
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corollary  to  the  first.     We  have  :  end  points  Ai  B  ;  moments  at  tliese^ 

Ml,  31^  : 

31,  I 


Angles  due  to  J/j  at  J.  = 
"     31.       " 


at  5 


Total  angles . . . 
In  case  Mi  were 


/^  = 


3Ul 

6EI 

3L,  I 

SE  J 

31 

I     .    3U  I 

GET    '    3 EI 

3E  I 
JI2  I 
6  EI 
_3Ii  I         31^ 

Mo  there  would  be  throughout  the  girder  a  con- 

311 
stant  moment  of  flexure,  and  r.'   would  become   equal  to  p  =  2  V,l' 

In  this  instance,  the  elastic  line  would  be  uniformly  curved,  and  part 

of  a  circle  whose  radius  is  p  = ,  as  well  known  from  the  theory  of 

31 
single  Sloans. 

Finally,  we  have  to  determine  the  angles  y  and  d  of  a  single  sj^an 

exerted  by  a  single  j)anel  load  P.     In  Fig.  9,  P  represents  the  panel  load 

at  the  distances  a  and  b  from  points  A  and  B,   a  -}-  b  being  equal  to- 

A  B  :=  l.     By  the  law  of  the  lever,  the  reaction  of  the  pier  at  A  will  be 

Kg.  9. 
j^, I 

'P 


and  at  pier  B,  it  wiU  be — ^i.     .Misrepresenting  the  tangent  on  the- 

elastic  curve  at  D,  the  angles  ft  and  ft^  are  known  as  well  as  the  angles- 
a  and  a^.  The  angles  qD  -\-  ip  together  must  equal  ft  +  fti.  (Consider 
that  (p  +  ^  +  angle  D  =  I8O0,  and  that  ft  +  ft,  -\-  I)  also  =  180°) .  The- 
angles  of  deflection  being  very  small,  can  be  considered  as  equal  to  their 

tangents,  namely:  <p  =  ^;  ^  =  -,  and  cp  :tp  =  b  :  a.    But  on  the  other 

a,  b 

hand /i  = ^and/^i  =  -      -    so  that  ft, 

3E I  3  E  I 


ft   ,=  b    :   a,    and    since 

^  4-  ■!/>  =  /i  -f  /ij  ajiparently  ft,  =  q}  and  ft  =  i\  so  that  simply  : 


;,  =  «  +  ^  =  J!£iL  +  MA     „,K,  ;-    =   ^  «  '     („  +  2  J) 
GE I         3  E I  G  I E  I 


6. 
Mb 
6  El 


31  a 
3E  I 


P  a  b 

gTe  I 


{2  a  +  b) 


K^^-) 
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In  ease  tlie  girder  .4  B  should  have  carried  any  number  of  loads,  Pi  P^ 
•i'c,  -«-ith  distances  cii  bi,  o^  ^'lm  "h  ^'3,  «^'e.,  there  would  have  been — 
1  r  (  the  sum  of  all  {  p     ,  ,     ,^  ,  .1  _3  Pab{a  +  2  b) 

^  ~  GlEl  ^  L  1    expressions     i  ^  "^  ^"  +^  ^^ J qJ^J 

the  sum  of  all  [  „ ^, ,  ,,  ,  ^  ^  s  "1  _2 Pab{2a+b) 


1        v^   r  i  the  sum  of  alU  ^     1  n  ,  ci    \~\ 
GlEr'U    expressions    ^"P^M^+SrOj 


Now  we  are  prepared  to  write  the  final  formula  of  continuous 
girders.     The  equil-  ^ig-  lO- 

ilu'um    of    the     mo-  3//     ^t  -^2    ^3  J\/'2  ,'    \^     i-^      j/> 

ments   J^,   21,  and  ---•ii^i_i_J.^_--:^i-::==^^ 

Jf,  with  the  forces  ~VK~~  ^*'  ^^^^^ 

Pi,    P2,    etc.,    and  ';l  I  l|' 

Qi>  Qif  §3,isfound/, X 12 y^ ■ /j     '^ — i^ 

from  (Eq.  /.)  ^2  -\-  Y-i  ^  f^-i  -^  ^-.i  where  S,  -\-  Yz  are  the  angles  of  de- 
flection due  to  Pi,  P-,,  <te.,  Qi  Qo;  and  /^^  +  «3  are  the  angles  of  ele- 
vation due  to  Ml,  Jf-2  and  J/3 — of  the  spans  considered  as  single  ones. 

Their  values  are  :  d^  ^      r,   t     ■2'  [P  «  J  (2  a  +  &)]  for  span  1 2, 
6  JE  1 12 

r,  =  — ^i"- -—  2[Qab{2b  +  a)]  for  span  l,. 
p,  =  — L_-    +     --^— -  ;  «3  =  — %^  -f  — -_^  ;  consequently 

6EIid,  +  X,)  =Mi  h  +  2  J/,  (/3  +  ^3)  +  M,  h.   (F.) 
which  actually  is  the  equation  of  Henry  Bertot ;   also  : — 
I2  [Pab[a-^2b)-\  J-  ^^-2[Qab{2a  +  b)]  = 

MiU  +  2M2{h-{-I,)  +  M,h.     [VI.) 

This  equation  is  of  the  first  degree  and  contains  three  unknown 
quantities,  viz.:  J/i,  J/o,  J/3,  Avhilst  the  expression  on  the  left  side  is 
fully  known  since  the  loads  Pi,  Po,  P3,  kc,  and  Qi,  Q,,  Q-^,  with 
their  distances  a  and  b  from  the  end-points  of  each  truss  are  given 
quantities. 

At  every  central  pier  of  a  continuous  girder  there  is  an  equation  of 
this  form,  and  there  is  also  an  unknown  moment,  so  that  we  have  as 
many  equations  of  the  first  degTee  as  there  are  unknown  moments. 
The  i^roblem  to  find  these  moments  consequently  is  solved  analytically, 
though  the  labor  of  solving  these  equations  algebraically,  in  case  of  many 
spans  is  rather  tedious. 

If  we  introduce  for  a  and  b  the  corresponding  number  of  panels,  call 
/  =  a  d,  where  d  is  the  length  of  each  panel,  put  a  =  m  d  and  b  =1-  a  = 
{it— in)  d,  we  arrive  at  these  simplifications  for  the  expressions  on  the  left 
side  of  Eq.  (  VI); 
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instead  of  1  2  [P  a  &  (a  +  2  b)] ,  we  get  —  2  [Pm  {n  -  m) (2  n  - m) \  {A.) 
I  n 

"       "    i  S  [Pah   (2a  +  &)],  we  get  ^^^  2  \Pm  [n- -m-)']  [B.) 
I  n 

The    expressions  A  and  B  for  the  spans    ^i  U  l^  l^,   &c. ,  Z„  being 

denoted  by  ^i  B^,  A.  B^,  A-,  B„  Ai  B^,   &c.,   A,,  B,„  Eq'sfVIJ, 

become  :  (since  the  first  and  last  moments  il[f„  and  il/„  =  0 

^2  -L  J3i  =  231,  {h  +  h)  +  M^  h 

A3+B2=M,l,+  23In  [U  +  1;)  +  31:,  h 
A,-\-B,^3I,h+23I,  {I,  -^h)+3I,  h  -  [Vll.) 

&C.,  &C.,  etc. 

A,,.^  +  B„.i  =  31,.,  X,„.i  +  2  3L.,  (/„.!  +  4 ) 

For  two  continnons  si^ans,  there  is  but  one  middle  pier,  and  we  have 
this  equation  only  : 

A,  +  5i  =2J/i  (^1  +  l>)  and,  in  case  that  h  =^,  finally 
Tf  _^2+-Bi  _      f/     r^  j  Pm{n-m)  {2n-m)  ]    ,  ^\  P  m  {n- -  m-)l^ 
^  4:1        ~  4  Mn  L^    I         for  span  II.  )  '^~'  \     for  span  I.   J 

The  values  31,  3L,  31-^,  &c.,  3/„_i  being  found ;  Eq's  (II)  teach  how  to 
calculate  the  elastic  reactions  p,  P2  p-A,  <te.,  p„ ,  which  in  combination  with 
the  static  reactions  of  each  span  due  to  the  law  of  the  lever  give  the 
actual  reactions  of  the  piers,  that  may  be  i^ositive  or  negative,  com- 
pression or  tension. 

The  values  E  and  /  in  Eqs.  (V),  (VI)  and  (VII),  have  totaUy  dis- 
appeared, but  the  suppositions  of  their  being  constant  throughout  the 
whole  bridge  are  embodied  in  the  equations,  and  without  these  sui^ijositions 
being  fulfilled  the  equations  cease  to  be  correct.  In  fact,  E  and  /  have 
only  disapiDcared  because  we  supposed  them  to  be  constant  values,  and 
should  not  have  disappeared  in  reality. 

Next  we  have  to  make  corrections  of  these  formuhe  for  the  in- 
stances that  the  continuous  girder  does  not  properly  fit  to  its  bearings, 
on  end  or  middle  piers.  Such  misfits  may  arise  from  settling  of  the 
piers,  from  bad  manufacture  of  the  iron  trusses,  or  from  the  effect  of 
the  rays  of  the  sun  being  greater  on  one  chord  than  on  the  other,  or  from 
winds  cooling  one  chord  sooner  than  the  other.  This  investigation, 
which  simply  consists  of  a  reapplieation  of  the  principle  of  continuity, 
wiU  give  us  another  opportunity  to  show  how  simply  these  problems  can 
be  solved  with  our  method. 

Suppose  A  B  io  be  a  straight  line  drawn  through  the  two  end  bear- 
ings of  a  continuous  girder,  and  that  d,  d,  d^  denote  the  depressions  or 


171 


olevatious  of  tlie  middle  piers,  positive  in  case  of  elevation,  negative  in 
case  of  depression.     Further,  suppose  the  continuous  girder  to  be  cut 


l^  —  ~ 


into  n  single  spans,  freely  placed  on  their  supports.  The  problem  then 
is  this,  which  additional  or  correctional  moments  J/i  M^_,  etc.,  M^  are 
necessary  to  again  connect  the  girders  continuously? 

This  problem  at  the  first  sight  is  nearly  the  same  as  that  which  we 
have  solved.  In  the  previous  case,  the  moments  M^ ,  M^ ,  M^ ,  had  to 
lift  up  the  single  spans  in  such  a  manner  as  to  make  the  sum  of  de- 
flections (5„,  +  T'ot  +  i  =  A"+  '^m+i-  In  this  problem  there  are  also  angles  S 
and  y  ;  but  5  and  y  of  each  span  are  equal  in  value,  which  in  the  problem 
just  solved  was  not  necessarily  the  case.  Again,  the  angles  d  and  y 
in  the  solved  jjroblem,  were  below  the  horizontal  line  drawn  through  the 
middle  pier,  whose  equation  (/)  was  under  examination.  In  the  present 
problem,  those  angles  may  be  above  that  horizontal  line,  consequently 
there  may  be  cases  when  we  shall  have  to  consider  them  as  negative. 

There  may  arise  instances  that  one  or  more  of  these  moments  will  no 
longer  draw  together  the  toj)  chords  of  the  trusses,  but  push  them  apart ; 
in  other  words,  the  moments  M^  M^  may  bring  pressure  in  top  chords, 
and  tension  in  the  bottom  chords.  We  then  have  for  our  problem 
Sm  ^=ym=^  {-^ —  "'" '  ) ;  the  positive  sign  to  be  taken  if  the  leg  of 
the  angle  is  below  and  the  negative  if  the  leg  is  above  the  horizontal 
line  through  the  middle  pier  under  consideration.  In  aU  other  respects 
the  problem  is  the  same  as  the  one  we  have  just  described  ;  namely,  this 
is  the  general  equation  : 

6  ^  /  (r.  +  r «.  + 1 )  =  M„,-,  L  +  2  31.  {L + /,„ + 1 )  +  M. + 1  L  -^i . 

For  n  spans,  there  are  {n — 1)  equations  of  this  kind,  and  the  moments 
JIo  and  3f„  are  equal  to  zero.  The  values  y  are  to  be  substituted  ^\ith 
their  j)roiDer  signs. 

In  the  special  instance  of  two  equal  spans  d,  being  an  elevation  of  the 
middle  pier  above  the  Hne  A,  C,  we  have 


Fig.  12. 


^ / ^ /     _ 
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y^  =y,,  =  S^-^S2  =  y.      Both 
angles    are   beloio   the  line    A   C, 
I    I     and   consequently   positive ;     we 
therefore  have 


4  M= , —    2  —     and  M- 


~n^-f) 


so  that  this  elastic  end  reaction  becomes 

F=^.j^.  {VIII.) 

If  d  had  been  negative,  M  would  have  been  a  moment,  causing  (above 
the  middle  pier)  pressure  in  top  and  tension  in  bottom  chord. 

We  now  proceed  to  our  last  theoretical  problem,  namely,  to  calculate 
the  influence  of  heat  on  one  chord.  Sup^jose,  therefore,  a  properly 
manufactured  girder  resting  on  supports  A  B  G  D,  etc.,  with  the  bottom 
chord  covered  by  floor- planks  ;  the  top  chord  expands  by  the  heat  of  the 
sun,  the  diff'erence  of  temperature  between  both  chords  being  t  degrees 
Fahr.  In  this  instance,  the  uniformly  heated  toi^  chord  will  expand 
f^fTnoo  °^  ^^^  length  for  each  degree  Fahr.  If  the  girder  is  unloaded 
it  must  assume  a  flat  arc,  whose  radius  is  easily  found.     Two  posts  which 

^ig- 13.  .  150  000     ,  ,, 

j^_t_  originally  were  parallel   have  spread  ax^art   — ,   -    of  the 

1^\^j~4^  panel  length,  and  consequently  1  :  p  :  :  .-TTrrjTjT,   :  h  or  p  = 

\   If-,       150  000  — .     But  the  radius  p  being  found,  it  is  easy  to 
V  also  calculate  the  elevation  of  this  flat  circle   above  each 

middle  pier,  and  this  known,  the  problem  is  at  once  reduced   to   the 
previous  one. 

Especially,  for  two  equal  continuous  spans  there  is  an  elevation  of 

P  . 

the  girder  equal  to         ;  which  is  the  nahiral  position  of  the  girder  con- 
sidered without  gravity,  the  bed  plate  being  placed    ^      below  the  bot- 

P 

tom  chord  ;  we  have  therefore  r^  = ^t^a-t^t^   -r  and  Eq's  (VIII)  (in 

300  000  h  ^     '  ^   ^ 

inches),  M=-^^^-^  A  andp  ^  -  ^^/-^^  -/^,  [IX)  ; 
where  the  minus  sign  indicates  —  regarding  M,  that  the  moment  causes 
compression  in  the  top,  and  tension  in  the  bottom  chord — and  regarding 
2?,  that  the  end  piers  really  are  pressed  by  this  elastic  reaction  ;  in  other 
words,  that  p  increases  the  pressure  on  the  end  piers  a.s  caused  by  dead 
and  live  loads  on  the  girder.  Dead  and  live  loads,  however,  actually 
press  down  the  girder  to  the  midtUe  pier  either  partly  or  wholly. 
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The  moments  of  correction,  M^,  31, ,  Mj,  &c.,  of  a  girder  being  found, 
for  unequal  positions  of  lied-plates  as  well  as  under  consideration  of  lieat 
in  one  of  tlie  chords,  these  results  have  to  be  represented  on  the  dia- 
gram sheet  of  moments,  shearing  forces  and  strains,  and  be  added  alge- 
braically to  the  moments  and  shearing  forces  due  to  the  dead  and  live 
loads,  when  it  will  be  seen  whether  these  last  are  sufficient  or  not  to  cause 
pressure  always  on  the  bed-plates. 

Having  now  laid  down  the  mathematical  principles  of  the  theory  of 
continuity,  it  remains  a  mere  mechanical  labor  to  apply  these  principles 
and  theii"  resulting  formulae  to  any  practicable  number  of  continuous 
spans,  which  labor  may,  however,  require  much  patience.  There  is  also 
enough  to  occupy  those  few  theorists  who  are  not  satisfied  Avith  a  finite 
number  of  continuous  sx^ans,  but  wish  to  extend  the  theory  to  the  case 
of  any  number  of  openings  from  unity  to  infinity. 

For  the  purpose  of  this  j)aper  it  will  be  sufficient  to  explain  the  use  of 
these  formuhe  on  two  equal  continuous  railroad  spans,  by  Avhich  calcu- 
lations we  shall  gain  the  opportunity  to  prove  numerically  the  opinions 
laid  do-«Ti  in  pre\ious  iDaragraphs. 

V. — Calculations  op  the  Strains,  Sections  and  Weights  of  Two- 
200  Feet  Railroad  Spans,  compared  under  the  same  specification  with, 
a  200  feet  single  span. 

Specification. — To  construct  two  200  feet,  square  through  s^jans,  14 
feet  between  trusses,  of  most  economical  height,  with  iron  cross  bearei'S- 
and  with  iron  stringers,  8  feet  apart.  For  Uve  load  consider  a  train 
equal  to  2  240  i30u.nds  per  lineal  foot,  headed  by  a  locomotive  concentrat- 
ing on  a  cross  bearer  Ij  tons  per  lineal  foot  of  a  16  foot  panel.  For 
lateral  and  transverse  stiffness  assume  wind  pressure  of  25  jjouuds  per 
square  foot  acting  on  the  bridge  when  filled  with  jjassenger  cars.  Max- 
imum direct  strain  in  any  point  of  the  bridge  to  be  10  000  pounds — 
shearing  strain  8  000  pounds — per  square  inch,  and  compressional  sections 

of  columns  with  flat  ends  to  be  multiplied  by  the  factor  (1  -f  )  where 

71  represents  the  length  of  member  measured  by  the  least  diameter  of 
gyi'ation  of  a  mechanically  well-built  post  ;  compression  members  with 
hinged  joints  to  be  treated  correspondingly,  according  to  theory.  The 
connections  of  web  diagonals  and  chords  to  correspond  with  the  supposi- 
tion of  the  calculation. 

Under  this  specification,  Ave  divide  the  200  feet  spans  into  12  panels 
of  IG  feet  8  inches  long,  and  we  assume  the  dead  weight  per  lineal  foot 
equal  to  1  200  pounds. 
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First. — Calculations  of  a  continuous  bridge  of  two  spans,  200  feet 
each. 

In  accordance  Avitli  tlie  specification  of  one  truss  the 

panel  live  load  is  2240     200^  

^  2     ^12  '     12 

panel   dead  load,     1^2^21^0=10  000   -  "         11000^333     .. 

^  '24  12 

locomotive   excess, -^- X 18  666=12  444    "  "         1  244.4^.^  ^g^  ,, 

In  the  equation  for  moment  over  the  middle  i^ier  (Eq.  VII)  the  follow- 
ing are  to  be  substituted,  for  P,  18  666,  10  000  and  12  444  ;   for  n,  12  ; 

for  mX  2,  3,  &c.,  to  11;  for  d,  ^^^  =  ^-  and  for  /,  200. 

'   '    '    '        '  '12  6 

The  elastic  reactions  p  must  be  subtracted  from  the  static  reactions 

P  y'''~'"^>  ^  and  be  added  to  the  reactions  of  the  middle  pier ^.    In  the 

n  n 

J2,  ■ 737.  oil 

table,  calculation  of  the  values  p,  P and  P  —  is  carried  out  for  a 

n  Ji 

panel  dead  load,  a  panel  live  load,  and  a  panel  locomotive  excess  placed 
successively  on  the  joints  1,  2,  3,  &c.,  11,  of  one  span.  The  combinations 
of  these  values  for  both  spans  lead  to  the  maxima  reactions  over  end 
piers  {A),  and  over  middle  piers  (T").  They  also  form  all  material  neces- 
sary to  calculate  the  maxima  moments,  not  only  of  31  over  the  middle 
pier,  but  at  any  other  vertical  section  of  the  girders. 

We  will  next  calculate  the  maxima  moments  : 

(a.)  Moments  due  to  dead  load.     J  =40  170  ; 
il/i  =  2  X  —  7  415  X  200  =  —  2  966  000  pound  feet.    Any  moment  31,,,,  is 
found  by  considering  the  m  panel  loads  acting  at  their  joints.     There  is 
namely,  in  accordance  with  the  law  of  the  lever  : 

3l„  =  40  170  X  «z  rf  —  (1  +  2  +  3  +  &c.,  +  (m  —  1) )  (Z  X  1  0000. 
or,  3I„^  =  [40  170  —  {m  —  1)  5  000]  «i.^— 

The  value  of  this  formula  can  be  easily  measured  on  the  diagram  of 
forces.     (See  Plate.) 

{b. )  Curve  of  moments  due  to  full  live  loads.  Here  is  -4  =  74  866,  V= 
130  466,  2y  =  27  800  pounds,  and  3J,  =  200  X  27  800  =  5  560  000  pound 
feet.    Any  moment  31,,,  =  [74  866  —  [m  —1)  9  333]  m.  ^.    (See  Plate.) 

(c. )  Curve  of  moments  due  to  live  load  on  one  span  only,  yl  ^  88  766, 
2?  =  13  900,  31,  =  2  780  000  pound  feet.  3I,„  =  [88  766  -  (m  —  1)9  333] 
m.  ""_  (See  Plate. )  The  cuiTes  thus  obtained  enable  us  to  construct 
the  maximum  moment  for  any  panel  of  the  bridge.     This  is  done  on  the 
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diagram  by  adding  the  positive  and  negative  moments  occurring  at  any 
points.  The  moments  iJ/a,  -Mi,  Mc,  can  also  be  obtained  by  calculat- 
ing or  drawing,  first,  the  curve  of  moments  under  the  consideration  of 
single  spans,  and  then  the  (straight)  line  of  moments  due  to  the  elastic 
reaction  p,  whereupon  the  difference  of  these  values,  for  any  point  m, 
agrees  with  the  values  calculated  as  above. 

The  maxima  shearing  forces  are  now  to  be  calculated  : 

(a.)  Shearing  forces  due  to  the  dead  load.  These  forces  can  be  easily 
obtained  by  subtracting  1,  2,  3,  &c.  {n  —  1),  panel  dead  loads  from  the 
value  J.  ^  40  170.  This  operation  is  represented  on  the  diagram  of  shear- 
ing forces. 

(6,)    Maxima  live  shearing  forces  ^i°-  ^*- 

acting  in   the    direction  of  A.     For 
this  purpose,  the  second  span  is  sup-  V- 
posed  to   be  unloaded,    and   a  train 
to  extend  from  the  panel  vi   to  the  ^ 
middle  pier. 

(c.)  Maxima  live  shearing  forces  acting  upAvard  in  the  center.  For 
the   calculation   of    these   forces   the  Fig.  15. 

second  span  is  supposed  to  be  loaded, 
and  the  first  span  also  loaded  from  ^ 
the  end  pier  to  panel  m. 

The  bridge  of  which  we  are  calcu- 
lating the  forces  is  shown  with  two 
web  systems.  It  has  been  explained  *  why  it  is  imi^ossible  to  calculate 
exactly,  the  strains  occurring  in  each  one  of  these  systems.  It  must  now 
be  added  that  this  uncertainty  also  necessarily  attends  the  chord  strains, 
whose  determination  is  especially  difiicult  in  those  chord  pieces  which,  at 
each  passage  of  a  train,  have  to  bear  compression  as  well  as  tension. 
There  is  no  method  to  overcome  this  imi^erfection  of  the  theory.  In  the 
following  calculation  we  have  separated  the  systems,  and  have  supposed 
that  each  system  would  act  independently. 

For  the  calculation  of  the  fbrces  V^^  there  arises  another  difficulty. 
The  value  p  namely,  is  influenced  considerably  by  the  total  load  on  the 
second  siaan.  Two  methods  are  possible,  either  to  combine  the  system, 
1,  3,  5,  &c.,  11  of  the  first  span,  with  the  system  1,  3,  5,  &c.,  11  of  the  other 
span,  or  with  the  system  2,  4,  6,  Arc. ,  10  of  this  second  span.     We  have 


assumed,  that  instead  of 


13  900 


6  950,  somewhat  more,  namely,  8  000 


'  Page  162. 
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pounds  Avoiild  be  the  value  of  p  (due  to  the  second  span)  for  each  of  the 
systems  of  the  partly  loaded  span,  Fig.  14. 

The  following  tables  exhibit  the  results  of  the  calculation,  -which  is 
made  simply  by  adding  the  resjDective  values  taken  from  the  preceding 
table. 


Panel. 

Dead  Load. 

Excess  of 
Live  Load.       ' 

Locomotive. 

Shearing  Maxima. 

oj 

A. 

V. 

A. 

V.       i       A.        1        V. 

1                  1 

A. 

r. 

X 

0—1     i       8  960 
1—3            6  917 

1039 

16  725 

1  941        11 150  ;       1  294 

4 

3  083        12  906 

5  760 
9  384 
12  684 
15  531 
17  794 

8  604 
6  187 
3  987 
2  090 
581 

3-5 
5-7 
7-9 
9-11 
11—12 

4  975 

3  208 

1684 

469 

5  025 

6  792 

8  316 

9  530 

9  281 

5  981 

3  135 

872 

6  256 
8  456 
10  354 
11862 

27  962 
6  481 

17  033 
38  833 
63  717 

i 

91146 

__ 

00 



26  213 

33  785 

48  900 

63  094 

32  600 

42  062 

ci 

0-2 
2-4 
4—6 
6-8 
8—10 
10—12 

7  930 
5  929 
4  067 
2  412 
1032 

2  069 

4  070 

5  933 

7  587 

8  967 

14  799 
11062 
7  584 
4  494 
1923 

3  867 
7  604 
11082 
14  172 
16  743 

9  866 
7  375 
5  056 
2  996 
1282 

2  578 

7  388 
9  448 
11162 

67  391 
40  101 
16  723 

i 

I 

6  778 
26  873 
50  274 

7 

76  506 

X 

104  965 

g 

1 

■s 

21370 

28  626 

39  862 

53  468 

26  575 

35  645 

m 

The  shearing  maxima  A  and  Fare  now  to  be  combined,  so  as  to  ob- 
tain the  total  maxima  in  each  panel,  such  as  represented  on  the  diagram 
of  forces.  For  the  calculation  of  the  diagonal  and  post  strains,  the  two 
systems  again  must  be  treated  separately. 

The  diagi-ams  for  the  chord  and  web  strains  in  combination  with  the  two 
tables  referring  to  the  web  strains  of  each  separate  system,  can  now  be 
used  to  calculate  in  the  usual  manner  the  members  of  the  proposed  bridge. 
For  this  purpose  we  choose  a  height  of  25  feet  (one-eighth  of  the  span) 
and  after  consideration  of  the  web  strains  in  the  end  panels  we  arrive  at 
the  diagram  of  strains  represented.  An  examination  of  these  strains  will 
give  proof  that  the  chord  strains  cannot  be  properly  determined  without 
consideration  of  the  diagonals,  and  that  consequently  the  mere  theoretical 
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comparison  of  curves  of  moments  aiid  shearing  forces  may  lead  to 
considerable  errors. 

Top  and  bottom  cliords  of  continuous  girders  after  all,  can  not  be  cal- 
culated with  perfect  certainty,  even  under  the  objectionable  suppositions 
made.  It  is,  therefore,  advisable  to  construct  them  to  resist  tension  as 
well  as  pressure.  A  jDroper  section  for  these  chords  would  be,  two  built 
channels  connected  Avith  lattice  bars  at  top  and  bottom.  The  pins  can  be 
l)ut  with  mechanical  correctness  throiigh  the  centre  lines  of  these  channels, 
and  the  re-enforcements  can  be  i^laced  so  that  the  pins  bear  against  the 
metal  added  to  the  web  plates.  We  construct  the  diagonals  from  weldless 
eyebars,  and  the  counter  rods  with  swivels.  This  arrangement  has  a  sci- 
entific advantage.  Each  web  member  carries  but  one  kind  of  strain; 
whereas,  in  l)ridges  with  diagonal  web  members,  only  diagonals,  at  least 
near  the  centre  of  the  span,  have  to  resist  tension  as  well  as  pressure,, 
and  therefore  must  be  designed  to  sustain  the  sum  of  both.  More- 
over, vertical  jDosts  are  more  convenient,  witli  reference  to  the  construc- 
tion of  the  joints. 

The  built  chord  channels  are  calculated  to  be  IG  inches  deep,  and  the 
angle  bars  3x3  inches,  the  latticing  to  be  double  top  and  bottom.  The 
posts  are  also  designed  on  this  basis,  with  2  rolled  channels  and  latticing  ; 
their  bearings  are  made  flat  against  the  bottom  and  top  chords  ;  the  radii 
of  gyration  have  been  duly  calculated. 

The  strains  upon  compression  members  are  in  exact  agreement  with 

the  formula,  the  factor  (l  X  K~7j?vn)  increasing  from  1.12  of  chords  to 

1.82  of  posts  ;  the  section  of  the  lightest  post  is  taken  at  8  square  inches. 

On  this  basis  the  sections  of  chords,  diagonals,  i^osts,  counters,  &c., 

have  been  determined  in  agreement  with  the  specification.     From  the 

strain  sheet  thus  obtained  (see  Plate)  this  bill  of  materials  is  calculated  : 

Chords,  latticing,  joint  and  reinforcing  plates 85  912  pounds. 

Posts  with  latticing,  top  and  bottom  bearings,  rivets 35  560 

Diagonals  and  swivels 43  292 

Pins  and  rollers  with  cages 3  850 

Cross-beams,  hangers  and  washer-plates 16  000 

Stringers 25  000 

Struts  and  portals 6  000 

Lateral  rods 4  000 

Castings  (end  post  and  head,  bed-plates,  &c.) 5  000 

Floor  bolts  and  washers 3  000 


Total  weight  of  one  iron  200  feet  span 228  214 

Iron,  per  lineal  foot 1  141  pounds. 

Timber  and  rails 300 


Total  dead  load,  per  foot.' 1  441 

Assumed  weight  per  foot 1  200 
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A  too  liglit  dead  load,  therefore,  was  assumed  ;  but  this  error  amounts 
to  less  than  5  per  cent,  on  the  truss  weights  ]proper,  say  about  5  000 
pounds  in  the  span.  The  corrected  weight  of  the  iron-work  of  this  con- 
tinuous bridge  would  then  amount  to  1  166  pounds  i^er  lineal  foot. 

For  the  sake  of  comparison  under  precisely  the  same  sj^ecification,  for 
the  same  form  of  truss  and  the  same  number  of  panels,  a  200  feet  single 
span  has  been  calculated.  This  is  the  strain  sheet  with  data  and  mode 
of  computation  : 

Span  200  feet ;  12  panels,  16  feet  8  inches  long  ;  diagonals  for  27  feet 
depth,  31f  and  43  feet;  secants,  1.17  and  1.59;  tangents,  0.61  and  1.23;  dead 

load,     1  200  X  ^  =  10  000  ;    live  load,    2  240  X  ^^^  =  18  666  pounds 
per  i^anel ;   excess  of  locomotive  load  on  a  joint,  12  444  poiinds. 


Maxima  Sheaking  Fokces. 

System. 

'- 

3. 

5. 

7. 

9. 

11.      j      12. 

From  dead  load 

1 

....,    30  000 

! 

20  000 
-1555 
-1037 

10  000 



-10  000 
—25  000 
—7  259 

1 
—20  000  —30  000 

—38  888'  —56  000 

1 
—9  333—11400 

—3  111      —5  1S5 



1 

19  185 
30  000 

42  259 
67  000 

68  221 
109  000 

97  400 



114  000 

1 

System. 

'■ 

4. 

6. 

8. 

10. 

12. 

5  000 
-9  333 
— 4U8 

—5  000 

—15  000 

—25  000 

—3  111 
-2  074 

—18  666  -31110 
-6  222     -8  296 

—46  000 
—10  370 

"     locomotive 



8  481 
14  000 

29  888 
48  000 

54  406     81 370 

86  000  130  000 

1 

Chords.— 3  x  0.61  x  28  666  =  53  000  ;  2  X  1.23  X  28  666  =  70  600  ; 

1X1.23X28  666  =  35  300;   2^x1.23  x  28  666  =  87  000  ; 

U  X  1.23  X  28  666  =  53  000  ;  ^  X  1.23  X  28  600  =  17  600. 
Addition.— 53  000,  87  000,  70  600,  53  000,  35  300,  17  600;  whence 
the  chord  strains,  53  000, 140  000,  210  600,  263  600,  299  000,  317  000  pounds. 
The  compression  members  are  designed — first,  as  done  with  the  con- 
tinuous span  ;  and  second,  to  consist  of  hollow  segment  columns.  The 
same  sections  are  adopted  for  both  cases,  but  with  the  hollow  posts  we 
gain  all  latticing  and  still  have  a  gTeater  factor  of  safety  in  regard  to 
ultimate  strength. 
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Bill  of  Matekials. 


Top  chords 49  500  pounde. 

Bottom  chords 28  000 

Pins  and  rollers 4  500        " 

Posts 34000 

Diagonals 37  000 

Cross  bearers,  &c IG  000        " 

Stringers 25  600 

Lateral  struts  and  portals  ...  6  000        " 

Lateral  rods 4  000        " 

Castings 5  000        " 

Floor  bolts 3  000        " 

Total  weight  of  iron 212  600 

Weight  per  foot 1063 

Timber  and  rails 300        " 

Total  weight  per  foot 1363        " 

Weight  assumed 1200        " 


Hollow  column  chords 39  000  pounds 

Bottom  chords 28  000 

Pins  and  rollers 5  000  " 

Hollow  posts 27  300  " 

Diagonals 37  000  " 

Cross  bearers 16  000  " 

Stringers 25  600  " 

Lateral  struts  and  portals. .  6  000  " 

Lateral  rods 4  000  " 

Castings 12  400  " 

Floor  bolts 3  000 

Total  weight  of  iron 203  300  " 

Weight  per  foot 1  017 

Timber  and  rails 300  " 

Total  weif-ht  per  foot 1317 

Weight  assumed 1200 


The  weight  assumed,  1  200  pounds,  consequently  was  too  light  also 
for  a  single  span,  and  the  truss  weight  should  be  increased  by  4  per  cent. , 
so  that  the  actual  weights  would  be  respectively  1383  and  1337  pounds  per 
foot.  These  stiU  are  resj)ectively  58  and  104  pounds  less  than  we  obtained 
for  the  continuous  girders. 

Ha\ing  now  seen  that  in  the  construction  of  two  continuous  spans 
there  is  no  economy,  if  compared  with  properly  designed  single  sjsans,  it 
will  be  weU  to  examine  the  weights  in  detail. 

These  following,  are  the  percentages  of  weights  as  calculated  for  a 
supposed  dead  load  of  1  200  pounds  per  foot. 


Single  Spans  27  Feet  Deep. 
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This  comparison  shows  that  the  more  perfect  the  detail  design,  the 
smaller  the  percentage  of  weight  taken  np  by  the  chords  and  webs. 
The  single  span,  with  hollow  wrought  iron  segment  columns,  gives  the 
liest  result.  The  single  span,  with  latticed  posts,  is  superior  to  the  con- 
tinuous girders  with  latticed  posts  and  chords,  for  the  chords  and  webs 
still  contain  2.6  per  cent,  less  of  the  total  weight  in  the  first  design 
than  in  the  second.  This  is  not  alone  due  to  the  height,  27  feet,  of  the 
single  span,  for  an  increase  in  height  woiild  hardly  reduce  the  chords  of 
the  continuous  girder,  since  ^o  of  these  chords  cannot  be  reduced  in 
section  without  lowering  the  heights  of  chord  members,  and  therewith 
reducing  the  admissible  chord  pressure. 

The  panels'  lengths  being  taken  at  16  feet  9  inches,  the  truss  height 
could  be  increased  to  33  feet  without  losing  weight  in  diagonals,  but  the 
posts  would  become  considerably  heavier. 

The  maximum  height  of  a  truss  is  reached  when  an  increase  in 
height  causes  an  increase  of  total  weight ;  that  is,  when  by  an  increase 
of  height  the  web  and  lateral  bracing  increases  more  than  the  chords 
decrease. 

The  most  perfect  c(?mpressional  members  permit  the  use  of  the  great- 
est depth,  since  the  weight  of  the  posts  is  a  large  part  of  the  total  weights 
The  single  span,  with  hollow  wrought  iron  segment  posts  (Phoenix 
columns),  therefore,  has  the  smallest  dead  weight.  From  the  variability 
of  strains  in  their  chords  and  webs,  continuous  girders  require  contin- 
uous riveted  chords.  Under  this  construction,  loss  of  material  seems 
unavoidable,  because  these  members  cannot  be  made  without  it,  in  prac- 
tically too  small  sections  at  the  jioints  where  the  moments  became  zero. 
On  the  other  hand,  it  will  be  found  advisable  in  continuous  girders  to 
avoid  too  great  a  variety  of  riveted  members  intermixed  with  eyebars. 
This  construction  has  been  tried  several  times  in  this  country  with  draw- 
iDi-idges,  but  it  is  doubtful  whether  any  gain  actually  is  obtained  by  such 
design. 

The  continuous  girders,  such  as  here  desig-ned,  have  one  advantage 
over  the  fixed  span,  because  the  posts  have  been  arranged  with  two  flat 
ends,  whereas  the  single  span  was  designed  with  posts  of  but  one  flat 
bearing. 

The  following  comparison  shows  that  the  web  of  the  best  designed 
single  span  is  23  per  cent,  lighter  than  the  web  of  the  continuous  girder. 
Theoretically  (compare  strain  sheets)  this  advantage  of  the  single  span 
amounted  to  only  12  per  cent. 
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Continuous  Girdeb. 

Single    Span  ; 

Latticed  Members.  ,    Hollow  Columns. 

Posta,  pounds 

35  560                     1                34  000             '            '''7  sin 

37  000 

6i300 
1.00 

Ratio 

78  852 
1.23 

71  000 
1.11 

Chords    Pounds     

86  000 
1.16 

78  000                         '^^  nnn* 

Ratio 

1.05 

1.00 

Theoretically  the  chords  compare  thus  :  continuous  girder  4  403,  to 
single  span  5  026,  or  as  1.00  to  1.14.  In  other  words,  for  the  same  height 
of  trusses,  27  feet,  though  the  continuous  girder  appears  theoretically  to 
save  14  per  cent,  in  the  chords,  in  reality  it  causes  a  loss.  While  a  con- 
tinuous girder  of  three  spans,  proportioned  according  to  theory,  would 
show  a  gain  in  the  chords  of  33  per  cent. ,  in  fact  (see  Laisle  and  Schub- 
ler)  executed  examples  of  acknowledged  excellence'  of  design  give  only 
15  to  20  per  cent,  and  this  gain  is  only  comparative  since  obtained  under 
sacrifice  of  height,  the  depth  being  one-twelfth  instead  of  one-eighth 
the  average  length  of  the  three  continuous  spans. 

That  curves  of  moments  and  shearing  forces  are  not  sufficient  to  base 
a  jjroi^er  estimate  of  the  value  of  a  structure  upon,  the  bridge  at  Mainz 
illustrates.  This  bridge  has  spans  of  344  feet,  is  50  feet  deep,  and  de- 
signed for  a  live  load  of  1  920  pounds  per  foot,  while  the  strains  in  toj} 
and  bottom  chords  on  Pauli's  plan  are  nearlj^  12  000  pounds  per  square 
inch.  The  dead  load  of  iron  of  this  bridge  is  2  100  pounds  per  foot, 
whereas  an  American  350  feet  sj)aii  with  iron  cross  bearers  and  stringer 
floor,  40  feet  deep,  Aveighs  but  1  800  pounds,  the  maximum  strain  being 
10  000  pounds  per  square  inch.  And  yet  the  bridge  at  Mainz  is  one  of 
the  lightest  designs  in  Europe.  It  follows  then,  that  mere  theoretical 
considerations  of  the  nature  of  moments  and  shearing  forces  are  by  no 
means  sufficient.  In  fact,  we  arrive  at  better  judgment  by  studying- 
the  proper  proportions  of  depth,  panel  length,  detail  arrangements  of 
compression  and  tensile  members,  and  especially  their  connections  at 
the  panel  joints.  It  will  be  seen  from  what  has  been  here  developed 
that   continuous   girders   can   only  lead   to   economy  in   one   instance,, 

*  Witli  castings. 
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iiami'lv,  if  by  reason  of  au  improper  specification  the  use  of  well  propor- 
tioned single  spans  were  prohibited.  Indeed,  improper  specifications 
not  uufreqnentlj  are  given  to  bridge  bnilders,  by  which,  without  neces- 
sity, very  limited  deiJths  of  trusses  and  very  short  panels  are  fixed,  show- 
ing that  the  engineer  who  wrote  such,  did  not  realize  what  should  be 
specified  and  what  not. 

Hitherto  we  have  develoj)ed  the  strains,  sections  and  weights  of  two 
continuous  railroad  girders  of  200  feet  length.  We  have  made  the  in- 
correct supposition  that  the  moment  of  inertia  of  these  girders  is  a  con- 
stant value.  But  in  reality  the  effective  sections  of  the  parallel  chords 
vary  fi'om  12  to  38  square  inches.  Therefore,  the  curves  of  moments  and 
the  values  of  shearing  strains  given  by  our  formulae,  and  on  which  we 
based  the  estimate  of  weight,  are  not  correct.  We  have  stated  that  the 
maximum  moment  over  the  middle  piev  would  be  15  per  cent,  greater, 
T\'ere  the  moment  of  inertia  of  the  girders  so  varied  as  to  produce  an 
-equal  maximum  strain  of  10  000  pounds  per  square  inch  of  the  bridge 
totally  loaded,  and  this  difference  in  continuous  girders  with  three  open- 
ings sinks  to  7  per  cent.  In  the  given  example,  however,  under  the 
suppositions  made,  the  difference  between  actual  and  calculated  max- 
imum moments  is  less  than  15  per  cent.  What  it  actually  is,  can  be  deter- 
mined by  the  use  of  a  similar  corrected  theory,  but  would  involve  great 
labor,  without  bringing  us  much  nearer  to  the  actual  strains. 

This  tedious  calculation  has  been  made  in  some  instances,  as  the 
Vistula  bridge,  near  Dirschau,  and  the  error  was  taken  into  account  in 
the  design  of  the  Krementschug  bridge  over  the  Dnieper  in  Eussia.  This 
bridge  was  designed  in  1866,  with  all  possible  economy.*  It  consists  of 
two  parallel  and  separate  structui'es,  one  for  roadway  and  one  for  double 
railway  tracks.  There  are  four  through  spans,  118  metres  or  387  feet 
between  centres,  bridged  by  two  pairs  of  continuous  girders.  The  cal- 
culation was  based  on  a  dead  load  of  3  710  and  on  a  live  load  of  3  600 
kilos  per  meter  for  each  track  (respectively  2  480  and  2  400  pounds  per 
foot).  The  weight  of  the  iron  work  ^n-oper,  amounts  to  2  340  isounds 
per  lineal  foot  of  each  track.  There  are  two  trusses,  10.5  meters  or  34.5 
feet  deep,  which  is  a  depth  -  -  of  the  span.  The  webs  are  designed  as 
stiffened  lattice  work  arranged  in   ten  systems,  the  diagonals  running  at 

*  By  H.  Sternberg,  Civil  Engineer  and  Professor  in  Karlsruhe.  Through  his  kindness,  I 
have  received  copies  of  the  design,  strain  sheet  and  estimate,  so  that  the  figures  quoted 
deserve  the  more  confidence,  as  referring  to  the  completed  work  of  not  a  mere  theorist,  but 
one  of  much  practical  experience  in  matters  of  design  and  mauufacture.  The  bridge  was, 
however,  built  upon  another  design. 
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angles  of  45°.  The  diagonals  of  the  meshes  are  2  meters  or  6.56  feet 
long,  equal  to  the  distance  of  cross  bearers  of  4  feet  2  inches  depth.  The 
rail-stringers  are  of  wood. 

The  following  weights  have  been  calculated  : 

Chords  of  one  span  of  two  tracks 9i6  000   pounds. 

"Webs     "        "         "        "        "         508000      *" 

Bracing  and  floor  beam.s,  &c.,  360  000        " 

1  814  000 

Or  2  343  pounds  -pev  foot  of  each  track.  These  weights  are  obtjiined 
under  maximum  strains  of  8  500  pounds  to  the  square  inch  (600  kilos  per 
square  centimeter)  both  for  compression  and  for  tension  of  compressional 
diagonals  and  chords  as  well  as  of  parts  under  tension,  for  which  latter 
ones  the  net  areas  are  considered. 

The  lightness  of  webs  was  much  furthered  by  the  diagonal  system 
and  by  adopting  the  same  strain  throughout  as  far  as  practicable.  This 
lightness  of  course  is  secured,  but  only  under  sacrifice  of  certainty  as  to 
the  diagonal  strains  and  of  the  postulate  of  scientific  determination 
of  these  strains.  Nevertheless,  the  Krementschug  design  is  certainly 
one  of  the  best  projjortioned  and  most  economical  lattice  bridges,  and 
gives  evidence  of  its  being  designed  by  an  engineer  who  knows  how  to 
appreciate  expense  of  manufacture  in  the  mill  as  well  as  in  the  shops 
and  field.  This  bridge  when  compared  with  other  European  struc- 
tures is  light,  and  comparatively  much  lighter  than  the  Mainz  bridge  on 
Pauli's  plan,  so  much  the  more  as  the  latter  is  designed  for  a  20  per  cent, 
lighter  live  load  and  for  33  per  cent,  greater  strains.  Yet  compared  with 
single  quadrangular  trusses,  designed  with  the  most  improved  American 
details,  the  Krementschug  bridge  does  not  show  economy  in  material, 
and  in  regard  to  manufacture  and  erection  it  cannot  compete  with  single 
spans.  A  quadrangular  double  track  truss  bridge  of  projier  proj^ortions 
and  details,  400  feet  span,  can  be  built  with  the  same  weight  of  iron 
l^er  lineal  foot  for  the  same  live  load,  and  the  same  average  maximum 
strain. 

In  the  calculation  of  the  Krementschug  bridge,  the  moments  and 
shearing  forces  were  first  determined  according  to  the  usual  theory, 
whereupon  the  correction  was  introduced  due  to  the  varied  moment  of 
inertia  of  the  structure.  The  maximum  moment  over  the  central  pier 
under  full  load  of  the  bridge  amounted  to  12  300  000  kilogrammeters,  but 
was  corrected  to  14  420  000  kilogrammeters.  The  maximum  moment, 
hoAvever    towards  the  middle  of  each  span  was  only  reduced  by  2i  per 
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ceut.  The  I'hords,  tliorefore,  by  the  correction  were  increaseil,  as  also 
were  the  web-strains,  slightly.* 

VI. — EsTrMATE   OF   TOSSIBLE   IkKEGTTLAKITIES   IN   THE   StEAINS   OP   THE 

TWO  CONTINUOUS  200  FEET  Kailkoad  Spans  investigated  in  the  previons 
parogi-aphs. 

We  will  now  consider  the  irregularities  caused  in  the  strains  of  con- 
tinuous girders  if,  from  any  reason,  they  do  not  tit  to  their  bedplates. 
For  this  purpose,  we  refer  to  Fig.  11  and  to  Eq's  (VIII),  and  assume 
frst,  that  the  masonry  of  the  middle  pier  has  settled  one  inch.  We 
have  for  the  moment  of  correction  and  for  the  correction  of  the  pier 
reactions  M  =  -  ,- -  and  p  =  ,  ;  E  being  the  modulus,  assumed  at 
30  000  000  pounds,  /  the  average  moment  of  inertia,  equal  to  say 
7  200  inches  pounds,  and  /  the  length  of  the  span  in  feet,  consequently, 

.^         3.30  000  000.7  200.1  .,:,rnr,aa  1      *      ^        rr,  ■  .      . 

jL=  ,     —  =1350  000  pounds  feet,      ihis  moment  oi 

O(^rrectiou  will  produce  pressure  in  the  top  chords  and  tension  in  the 
bottom  chords  over  the  middle  pier.  The  reaction  of  each  end  pier  will 
be  increased  by  ^  ^-Yi —  ^^  ^  '^^^  pounds.  The  bridge  being  fully 
loaded  by  reason  of  the  settled  pier,  the  moment  over  this  i^ier  will 
decrease  from  8  430  000  to  7  080  000,  that  is,  by  16  per  cent. 

If  the  bridge  were  fully  loaded  only  on  one  span,  the  maximum  moment 

5  5 

within   this   span   would,    increase  by  p  ^p^-,  ^  =  6  750  .       .  200  =  562  000 

l^ounds  feet.  The  maximum  moment  at  the  fifth  panel  (see  Plate)  was 
5  952  000  pounds  feet,  and  increases  to  6  514  000  pounds  feet.  This  is 
an  increase  oi  9+  per  cent.,  or  about  as  much  as  it  Avas  expected  to  save  in 
the  chords  under  application  of  the  theory  of  continuity. 

If  from  any  reason — defective  construction  in  the  shape,  or  the  middle 
pier  being  built  too  high,  or  the  end  piers  having  settled — the  bedj)late 
on  the  middle  pier  should  lie  comparatively  too  high  by  one  inch,  the 
central  maximum  moment  would  be  increased  by  1  350  000  pounds  feet, 

*  The  design  of  Herr  Sternberg's  bridge  ha.s  this  advantage  over  many  newly  buiit  lattice 
bridges,  that  the  lengths  of  compressional  members  are  so  chosen  as  to  permit  their  being 
proportioned  for  crushing  and  not  for  crippling.  The  chords,  40  inches  wide  and  32  inches 
deep,  are  made  only  6  feet  long  between  panel  joints,  are  braced  laterally  every  6  feet  in  the 
bottom  chorda  (cross-bearers),  and  every  12  feet  on  top,  so  that  the  top  and  bottom  lines  of 
each  chord  are  held  in  position.  The  compressional  diagonals  form  diaphragms  between  the 
vertical  chord  plates,  32  inches  deep  ;  for  panels  of  13  and  15  feet,  the  chords  must  be  pro- 
portioned against  crippling,  their  radii  of  gy)-ation  must  be  correctly  calculated  and  inserted 
in  the  formula.  Thin  vertical  plates  of  channel-shaped  chords  should  be  secured  in  position 
by  diaphragms,  and  the  lateral  bracing  should  be  properly  calculated  and  proportioned.  The 
radius  of  gyration  for  channel-shaped  choi-ds  of  lattice  bridges  is  very  small,  and  the  chord 
sections  will  increase  considerably,  if  the  specification  is  duly  enforced. 
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and  tlie  total  strains  over  the  middle  pier  would  be  increased  by  44  000 
j)ounds,  or  by  16  per  cent,  of  their  calculated  values,  and  the  moments 
within  the  span  would  increase  or  decrease  correspondingly.  For  every 
other  inch  of  difference  betAveen  bedplate  and  girder  bearing  the  same 
correctional  strains  would  arise,  for  Eq's  f  VIII)  teach  that  the  corrections 
are  proportional  to  the  values  of  elevation  or  depression. 

It  follows  then,  conclusively,  that  the  introduction  of  continiious 
girders  requires  the  best  class  of  foundation  and  masonry  for  the  piers. 
Alone  from  this  reason,  practical  engineers  Avould  not  like  to  use  delicate 
superstructures  like  continuous  girders,  even  if  these  would  afford  some 
economy  of  material,  which,  as  we  have  seen,  is  not  the  case. 

It  was  proposed,  long  ago,  to  improve  continuous  girders  by  weighing 
the  reactions.  But  the  question  arises,  whether  this  improvement,  which 
involves  some  additional  cost,  is  any  longer  necessary  when  we  know  that 
the  theory  is  of  so  little  jiractical  value.  It  is  also  questionable  whether 
a  continuous  girder,  regulated  by  scales  for  one  mode  of  loading,  would 
still  be  properly  adjusted  under  any  other  jaosition  of  a  moving  train  ; 
for  we  know  that  with  each  other  position  of  the  load,  other  diagonals 
will  come  into  action. 

We  "svill  next  examine  the  influence  of  the  sun  on  continuous  bridges 
whose  upper  or  lower  chords  are  covered  by  roadway  planks  or  otherwise. 
In  this  climate,  the  power  of  the  sun  is  great,  as  any  one  may  feel  on  a 
hot  summer  afternoon  by  laying  his  hand  on  iron  exposed  to  the  direct 
rays  of  the  sun.  The  difference  in  heat  of  iron  thus  exposed  or  shaded 
may  be  30°  or  40°  Fahr.  Suppose,  therefore,  the  bottom  chords  of  over 
200  feet  spans  to  be  covered  by  planks,  what  would  be  the  correction 
needed  for  a  diffei-ence  of  temperature  equal  to  30^  Fahr.  ? 

Under  this  supposition,  the  girders,  considered  without  weight,  would 

25 
rise  so  as  to  form  part  of  a  circle  whose  radius  is  150  000  .  ^^  ==  125  000 

feet.    The  rise  in  the  centre  of  a  chord  of  400  feet  would  be,  consequently, 

OKA  nnn  ^^  ^-^^  ^®^*''  °^'  -'^•^"^  inches.  From  Eq's  (VIII)  it  is  known,  that 
^50  000 

this  wiU  cause  a  moment  J/=  1  350  000.  1.92  =  2  592  000  pounds  feet ; 

this  has  a  tendency  to  reduce  the  moment  over  the  middle  pier,  which, 

for  the  unloaded  bridge,  was  found  equal  to  2  966  000  pounds  feet,  and 

therefore,  a  small  moment  would  remain,  equal  to  374  000  pounds  feet, 

leaving  stiU  a  pressure  in  the  bottom  chords  over  the  middle  pier  of  393 

pounds  per  square  inch  of  section.     The  moment  M,   2  592  000  pounds 

feet,  would  cause  additional  joressure  on  the  end  piers  of  12  960  pounds, 
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anJ  ndditioual  strixins  iu  end  diagonals  equal  to  about  10  i^ev  cent,  of 
their  maximum  values. 

If  one  span  were  f  uUy  loaded  the  maximum  moment  ot  5  952  000 

would  be  increased  by  13  000  .  'J,  .  200  =-  1  083  000  pounds  feet,  which 
is  18  per  cent. 

At  the  points  where  the  moments  change  from  positive  to  negative 
comparatively  very  great  moments  would  be  produced.  Thus,  at  the  third 
panel-joint  from  the  middle  pier,  the  greatest  positive  moment  is  2  200  000 
pounds  feet,  which  would  be  increased  by  13  000  .  ^  .  200  =  1  950  000 
pounds  feet,  so  that  the  greatest  positive  moment  at  that  point  would  be 
4  150  000  pounds  feet.  In  case  the  top  chord  were  covered  by  floor 
planks,  the  moment  M,  2  592  000  pounds  feet,  would  cause  tension  in 
the  top  and  compression  in  the  bottom  chords  over  the  middle  pier. 
The  maximum  moment,  8  430  000  pounds  feet,  would  be  increased  more 
than  30  per  cent.  ;  so  that  each  degree  Fahr.  would  cause  one  per  cent, 
of  additional  strain.  The  negative  moment  at  the  second  panel-joint 
from  the  middle  pier  would  be  increased  from  3  230  000  to  5  400  000 
pounds  feet,  that  is,  by  67  per  cent. 

If  the  temperature  in  the  top  chords  raised  to  40^  Fahr. ,  the  central 
bearing  could  no  longer  act  under  the  dead  load  only,  for  the  truss  would 
be  I  inch  above  the  bed-plate. 

Arch  bridges  without  hinges  must  be  designed  under  the  theory  of 
continuity,  with  its  defects  and  unfounded  suppositions.  Some  of  the 
objections  against  this  theory  as  here  applied  have  peculiar  force — as  the 
difficulty  of  proper  manufacture,  of  close  tit  to  the  piers,  and  especially 
the  influence  of  temperature.  A  few  exclusively  theoretical  writers — on 
the  authority  of  Oudry's  experiments,  and  of  thermometric  measurements 
at  the  Tarascon  bridge  in  France — deny  the  influence  of  heat  on  iron 
arch  bridges  with  flat  bearings.  But  they  ignore  the  exiierience  gained 
with  the  Theis  bridge  in  Hungary,  which  might  set  at  rest  experiments 
with  the  thermometer.*  This  bridge  changes  its  bearings  on  the  abut- 
ments daily,  and  it  is  observed  that  the  pressure  moves  from  the  lower 

*  Mr.  Stouey  thus  remarks  about  the  efifect  of  temperature:— The  rise  in  the  crown  of  one 
of  the  cast  iron  arches  of  Southwark  bridge  for  a  change  of  temperature  of  50°  Fahr.  was 
observed  by  Mr.  Eennie  to  be  about  1.25  inches  ;  the  length  of  the  chord  of  the  estrados  is 
2i6  feet,  and  its  versed  sine,  23  feet  1  inch,  and  accordingly  the  length  of  the  arch,  which  is 
segmental,  is  3  020.8  inches.  The  range  of  temperature  to  which  open  work  bridges,  through 
which  the  air  has  free  access,  are  subject  in  this  country,  seldom  exceeds  81°  Fahr.  The  range 
of  temperature  of  cellular  flanges,  may,  however,  exceed  that  mentioned  above,  as  Mr.  Clark 
mentions  that  the  temperature  of  the  Britannia  tvibular  bridge,  before  it  was  roofed  over, 
differed  "  widely  from  that  of  the  atmosphere  in  the  interior,  for  the  top  during  hot  sunshine 
has  been  observed  to  reach  120°  Fahr.,  and  even  considerably  more  ;  and,  on  the  other  hand, 
a  thermometer  on  the  surface  of  the  snow  on  the  tube  has  registered  as  low  as  16°  Fahr." 
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chord  bearing  to  the  upper  and  back  again.  The  bridge  being  by  design 
very  stiff,  leaves  its  thrust  bearings  in  winter,  and  unhiaded,  acts  as  a  beam. 
It  was  anchored  to  the  abutments  the  next  summer  after  this  observation 
was  made,  liut  during  the  following  winter  the  piers  commenced  to 
move,  whereupon  the  connections  were  removed.  This  example  illus- 
trates one  of  the  practical  difficulties  inherent  to  continuous  girders. 

Most  all  European  continuous  bridges,  as  well  as  single  span  bridges, 
have  either  their  bottom  or  their  top  chords  protected  from  the  sun's 
rays.  Thus  the  Krementschug  bridge  (both  railroad  and  roadway)  has 
bottom  chords  covered  by  planking.  The  high  iron  viaducts  in  Switzer- 
land and  France  (Freiburg,  Busseau,  Cere,  &c.,)  have  superstructures  of 
7,  6  and  5  continuous  spans,  of  which  the  top  (ihords  are  protected  by 
flooring.  But  we  have  seen  that  the  strains  of  continuous  bridges,  whose 
bottom  chords  are  overheated,  will  be  greatly  disturbed,  and  that  for  a 
difference  in  temperature  of  30°  Fahr.  additional  strains  of  30  and  even 
more  than  50  per  cent,  may  arise.  I  am  not  aware  that  this  has  been 
considered  in  the  construction  of  continuous  bridges. 


Stone  arches  are  affected  iu  the  same  way  aa  iron  arches.  With  increased  temperature  the 
crown  rises,  and  joints  in  the  parapets  over  the  crown  open,  while  others  over  the  springing 
close  up.  The  reverse  takes  place  in  cold  weather.  In  addition  to  the  longitudinal  move- 
ments to  which  all  girders  are  subject  from  change  of  temperature,  tubular  girders  move 
vertically  or  laterally  whenever  the  tojj  or  one  side  becomes  Uotter  than  the  rest  of  the  tube. 
Referring  to  the  Britannia  tubular  bridge  Mr.  Clark  states  that  "  even  iu  the  dullest  and  most 
rainy  weather,  when  the  sun  is  totally  iuvisible,  the  tube  rises  slightly,  showing  that  heat  as 
well  as  light  is  radiated  through  the  clouds.  In  very  hot  sunny  days  the  lateral  motion  has 
been  as  much  as  3  inches,  and  the  rise  and  fall  2.3  inches.  These  vertical  and  lateral  motions 
have  not  been  much  observed  in  lattice  or  open  girder  work,  no  doubt  because  the  air  and 
sunshine  have  free  access  to  all  parts  (?)  and  thus  produce  an  equable  temperature." 

James  Hodges,  in  his  work  on  the  Victoria  bridge,  remarks:  "In  building  the  tul)es  the 
greatest  increase  of  camber  which  occurred  in  one  day  consequent  upon  the  difference  of 
temperature  between  tops  and  bottoms  of  tubes  was  1  [  inches ;  tbe  barometer  on  the  top  reading 
124°,  in  shade  at  bottom  90',  making  a  difference  of  34*^.  The  thermometer  during  the  previous 
night  was  as  low  as  57*^.  It  is  therefore  only  fair  to  infer  that  as  the  bottom  was  in  shade  it 
would  not  be  of  the  same  temperature  as  the  atmosphere,  aud  that  the  increase  of  camber  of 
1|  inches,  was  due  to  difference  of  temperature  of  probably  as  much  as  50°  Fahr." 

The  greatest  longitudinal  movement  of  roller  beds  was,  for  258  feet  3  f  inches,  due  to  a 
variation  of  from  —  27°  to  +  128'  =  155"  Fahr.  The  greatest  lateral  movement  caused  by 
temperature  was  1^  inches. 

The  Victoria  bridge  is  roofed  over  with  timber  and  tin,  and  the  temperatures  measured 
probably  were  only  those  of  the  atmosphere,  but  not  those  of  the  iron.  The  girders  being 
only  imperfectly  continuous,  calculation  of  deflection  of  these  (.'irders  is  still  less  reliable 
than  of  theoretically  designed  work.  Also  draw-bridges  (continuous  over  two  spans)  move  side- 
ways in  consequence  of  one  truss  being  more  heated  than  the  other.  The  side  movement  of  a 
360  feet  draw  was  noticed  as  much  as  ^  inches  and  caused  some  trouble  in  locking.  About  equal 
vertical  movements  were  noticed  of  a  300  feet  draw,  with  planked  floor.  Mr.  0.  Shaler  Smith 
(Transactions,  vol.  III.  page  131,  &c.)  noticed  alterations  of  the  height  of  support  caused  by 
the  sun  and  reversedly  by  cold  winds— of  as  much  as  1  inch.  Mr.  John  Griffiu  informs  me, 
that  a  134  feet  draw  on  the  Philadelphia,  Wilmington  &  Baltimore  R.K.  was  so  much  affected 
by  the  unequal  heating  that  it  could  not  be  turned,  the  deflection  being  about  |  inches.  This 
he  remedied  by  covering  the  top  chord  with  wood. 
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AVe  still  liave  to  eompiire  the  detioctions  of  single  and  oontiunons 
spans.     Afcordiug  to  the  theory,  the  detlection  of  a  single  span  reaches 

5     P  P 
its  maxinnini  nnder  full  load,  which  then  is  ;^^  -^-^  in  which  P  is  the 

total  load.     For  two  continuous  spans  the  maximum  deflection  occurs 

■i     P  / ' 
if  only  one  span  is  loaded,  and  equals  ---        ^  .    These  applied  to  the  200 

feet  spaas  give  a  deflection  nnder  live  load  for  the  continuous  span  of 
2.08  and  for  the  single  span  of  2.05  inches.  The  deflections  are  equal, 
so  that  also  from  this  consideration  there  is  no  reason  to  prefer  con- 
tinuous girders.  It  would  not  be  desirable  to  adopt  these  girders  on  this- 
score  even  if  the  deflection  were  one-half  less  than  for  single  spans,  for 
we  build  single  spans  with  a  camber  so  as  to  make  the  floor  just  level 
under  full  proof  load. 

It  is  only  mth  rafters  and  purlins  of  roofs  made  of  shape  iron  of 
small  depth  that  the  consideration  of  continuity  may  lead  to  constructive 
advantages,  and  in  some  instances  this  consideration  may  be  valuable  in 
the  construction  of  floors  of  bridges,  but  for  bridge  trusses  of  which  we 
can  vary  the  sections  and  can  adopt  a  suitable  dei^th,  the  question  of  re- 
duction of  deflection  never  arises,  and  continuity  on  this  score  need  not 
be  resorted  to,  either  with  girder  or  with  arch  bridges. 

Finally,  we  find  that  the  large  continuous  bridges  over  the  Vistula, 
over  the  Rhine  at  Cologne,  over  the  Dnieper  at  Krementschvig,  over  the 
Danube  at  Pest,  each  of  four  spans,  from  321  to  418  feet  long,  are  only 
continuous  over  one  support.  Tlieoretically,  there  is  perhaps  a  small  ad- 
vantage as  to  the  average  moment  of  flexure  of  girders  stretched  over 
more  than  two  spans,  though  practically  there  is  a  loss  of  material  at 
each  change  from  concave  into  convex  flexure.  For  two  spans,  there  are 
two  such  regions,  for  three  spans  there  are  four,  and  for  four  spans  there 
are  six.  Therefore,  practically  two  spans  are  about  as  favorable  in  re- 
gard to  the  moment  as  three  or  four.  Any  how,  the  longitudinal  expan- 
sion of  the  girders  limits  their  length.  For  a  maximum  change  of 
temi^erature  equal  to  150^,  the  change  of  length  amounts  to  one-thou- 
sandth of  the  span,  which  for  iOO  feet  spans  amounts  to  1.6  feet,  so  that 
at  one  end  of  such  a  bridge,  provision  must  be  made  for  a  movement  of 
0.8  feet  or  9.6  inches. 

This  consideration  probably  has  limited  the  application  of  continuity 
to  only  two  spans  of  great  dimensions.  There  are,  however,  some 
bridges  in  Germany  of  seven  and  even  nine  (small)  continuous  spans,  and 
in  France  and  Switzerland  are  some  large  viaducts  of  five,  six  and  seven. 
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spans  of  150  feet  average  length.  Most  all  of  tliese  (viaduct  of  Fres- 
burg,  Busseau,  Cere,  a  bridge  in  Vienna,  &c.)  were  built  by  iron  works 
in  France,  and  by  Benkisser's  metbod,  the  girders  have  been  rolled  over 
the  piers,  a  method  probably  preferred  on  account  of  facility  of  erec- 
tion, the  works  having  a  full  plant  for  the  purpose.  On  the  other  hand, 
most  builders  with  whom  the  number  of  their  orders  is  a  consideration 
only  second  to  quality  and  reputation,  erect  continuous  girders  on  care- 
fully built  false  works. 
VII. — Eecapitulation  and  Conclusions. 

1°. — The  mere  theoretical  calculation  of  the  curves  of  moments  and 
shearing  forces  of  girders  or  arches  without  joroper  consideration  of  pro- 
l^ortions,  details  and  cost  of  manufacture,  is  exceedingly  fallacious. 

2". — This  fallacy  will  be  the  greater,  if  the  theory  by  which  the  mo- 
ments and  shearing  forces  are  calculated,  stands  upon  false  premises. 

3°. — The  theory  of  continuity  is  one  of  these  theories,  because  it  is 
based  on  the  hypothesis  of  a  constant  modulus  of  elasticity,  which,  as 
proved,  does  not  agree  with  the  nature  of  the  material.  It  has  been 
shown  that  the  modulus  of  wrought  iron  varies  from  17  000  000  to  over 
40  000  000  pounds  j)er  square  inch.* 

40. — Even  if  it  were  assumed  that  the  modulus  had  a  constant  value, 
still  a  correct  theory  would  require  that  there  be  but  one  system  of  dia- 
gonals in  the  web  of  a  continuous  girder.  Under  an  arbitrary  supposi- 
tion, the  strains  in  the  diagonals  and  posts  of  continuous  girders  with 
two  or  more  systems,  cannot  be  calculated,  but  only  guessed. 

5°. — The  theory  neglects  the  influence  on  the  moments  and  shearing 
forces  caused  by  the  deflections  due  to  the  extensions  of  the  web  ties, 
and  to  the  compressions  of  the  web  struts,  f  The  theory  also  needs  a  cor- 
rection if  the  chords  are  varied. 

6°. — The  correct  appUcation  of  the  principle  of  continuity  involves 
an  exceedingly  tedious  labor,  and,  if  generally  introduced,  would  greatly 
impede  the  business  of  bridge  construction  in  this  country. 

7^. — In  the  determination  of  the  sections  of  chords  and  webs,  it 
must  be  considered  that  a  member  exposed  to  tension  as  well  as  to  pres- 
sure, must  be  proportioned  to  resist  the  maximum  tension  i^lus  the  max- 
imum pressure. 

8°. — Continuous  girders  require  very  accurate  workmanship,  both  in 
the  shops  and  in  the  field,  which,  if  exacted  by  the  inspecting  engineer, 

*  Page  161.  t  In  Appendix  B  we  propose  to  prove,  mathematically,  that  this  influence  is 
considerable,  and  upsets  the  common  theory. 
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Mill  cause  a  greattn'  expense  than  that  I'or  single  sijans.  The  connections 
at  the  points  where  the  strains  change  from  the  positive  to  the  negative 
must  be  made  with  more  care  than  if  tension  or  only  compression  had  to 
be  resisted.  Especially,  in  case  of  riveting,  the  holes  must  in  the  field 
be  rimmed  to  match  perfectly,  the  rivets  placed  more  closely  and  driven 
thoroughly. 

9^. — The  foundations  and  masonrj'  of  piers  on  which  continuous 
girders  shall  be  placed,  miist  be  of  excellent  quality.  Single  span  trusses 
may,  without  injuiy,  be  placed  on  piers  which  have  settled  several  inches  ; 
but  this  is  not  the  case  ^^ith  continuous  girders.  Engineers  contemplat- 
ing the  use  of  continuous  girders  should  realize  the  necessity  of  this  pro- 
vision, and  previously  estimate  the  additional  cost  of  substructure. 

10^. — If  it  is  intended  to  roll  continuous  girders  on  to  the  piei's,  order- 
ing and  inspecting  engineers  should  examine  carefully  whether  the  con- 
tractor has  calculated  the  extra  strains  arising  from  the  weight  of  the 
projecting  cantilever,  has  properly  reinforced  the  posts  and  introduced 
additional  diagonals  and  chord  mateiial  at  the  points  of  change  of  flexure. 

11°. — Continuous  girders  im^^roperly  built  or  placed  on  their  bed- 
plates, have  to  resist  greater  strains  than  contemplated,  which,  for  one 
inch  difference  in  height  of  location  of  bed-plate,  on  the  middle  pier  of 
a  200  feet  span,  is  increased  16  per  cent. 

12° — If  the  upper  or  the  lower  chords  of  a  continuous  bridge  are  pro- 
tected from  the  direct  heat  of  the  sun,  the  strains  are  much  disturbed  and 
(for  30-'  difference  of  temperature)  may  over  the  middle  pier  be  increased 
30  per  cent,  and  at  the  points  of  change  of  flexure  more  than  50  per  cent. , 
and  the  structure  may  even  rise  from  the'  middle  jDiers,  notwithstanding 
its  dead  load, 

13°. — The  iJroportions  of  depth  of  span  to  height  depend  essentially  on 
the  system  and  on  the  details  iised.  The  lighter  theoretically  and  practi- 
cally the  web  can  be  made,  the  greater  the  height  can  be  chosen,  which 
is  only  limited  by  the  practicable  length  of  web  members  and  by  the  cal- 
culation of  the  strains,  sections  and  weights  due  to  the  effect  of  wind. 
Practically,  the  best  depth  is  obtained  if  an  additional  foot  increases  the 
weight  of  the  total  stnictvire.  Continuous  girders,  requiring  more  mate- 
rial in  their  webs  than  single  spans,  cannot  be  built  as  high.  European 
bridges  having  been  built  too  shallow  for  single  spans,  as  far  as  economy 
is  concerned  were  better  proportioned  when  built  continuously.  This  is 
one  of  the  reasons  why,  in  Europe,  continuous  bridges  proved  to  be 
the  lighter. 
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Properly  proportioued  single  spans  on  the  same  system,  at  least, 
«lioulcl  be  no  heavier. 

14°. — We  have  fonnd  by  investigating  the  example  of  two  200  feet 
spans,  that  properly  designed  single  spans  with  American  details,  are  ac- 
tually lighter  than  continuous  girders.  The  bridge  of  Buda-Pest  and  the 
Krementschug  liridge  are  examples  of  continnons  structures  of  econo- 
mical European  construction,  but  they  do  not  compare  either  in  cheap- 
ness or  quality  with  single  sjDans,  well  proportioned,  having  the  most 
scientific  American  details. 

15-'. — Continuous  bridges  deflect  as  much  as  single  spans  of  corres- 
pondingly greater  depths.  It  has  now  been  proved  that  the  theory  of 
continuity,  most  interesting  as  it  is  in  a  scientific  point  of  view,  never- 
theless forms  only  a  part  of  pseudo-science  ;  being  based  on  false  suppo- 
sitions, it  is  too  delicate  in  execution  and  under  use,  and  finally,  because 
it  is  not  economical.  Practical  constructions  are  designed  with  a  certain 
factor  of  safety.  The  truer  the  theory,  the  easier  its  su^Dpositions  can  be 
fulfilled,  the  less  its  results  are  modified  by  disturbing  influences;  the 
less  it  is  influenced  by  the  unreliable  incidents  of  the  application  of 
human  labor,  the  more  reliable  a  construction  will  be,  and  the  smaller 
the  factor  of  safety  may  be  taken. 

It  has  been  shown,  that  by  theory  Ave  cannot  gain  greater  perfection  in 
practice,  unless  we  constantly  are  comparing  the  results  of  our  deductive 
investigations  with  exijerimental  facts.  *  Results  of  such  experiments  on 
executed  continuous  girders  are  not  known.  All  that  we  have,  are  some 
notes  on  deflections  of  finished  bridges  under  test  loads.  We  usually 
learn  that  the  deflections  were  much  less  than  expected  or  calculated, 
•which  is  communicated  as  a  proof  of  the  excellency  of  workmanship,  as 
if  workmanship  could  reduce  the  extensions  or  compressions  of  iron — ^in 
other  words,  could  raise  the  modulus.  In  this  country,  continuous  girders 
have  only  been  used  for  di'awbridges.  The  calculations  of  the  strains  of 
these  continuous  girders  are  still  considerably  more  complicated,  more 
delusive,  and  more  untrustworthy  than  those  made  for  fixed  bridges. 

It  is  not  intended  to  enter  into  these  mathematics.  It  only  is  men- 
tioned that,  probably,  Prof.  Sternberg  was  the  first  engineer  who  applied 
the  theory  of  continuity  to  the  various  suppositions  as  regards  dead  load 
of  fixed  and  swinging  draw,  of  j^artial  and  full  live  load,  the  draw  being 
screwed  up  at  ends  or  loose,  &c.     The  j^ivot  bridge,  by  him  was  consid- 

*  Compare  what  Mr.  B.  Baker  says,  pages  221,  228  and  313,  "  Strength  ot  Beams,  Columns 
and  Arches.    London.    1870." 
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ered  as  a  cnutinuous  girder  over  three  openings,  two  large  outer  spans 
and  a  short  middle  part.  Herr  Sternberg  a^jplied  the  formula  thus  ob- 
tained to  the  draw  of  Kustrin,  in  Prussia.*  The  central  part  of  the  draw- 
really  constituting  a  separate  part  of  a  lattice  beam  composed  of  chords 
and  lattice  diagonals,  this  calculation  was  justified.  With  large  di-aws,  as 
built  in  this  country,  the  calculation  based  on  three  openings  can  be  re- 
duced to  that  for  two  spans  so  long  as  the  two  centre  diagonals,  only 
necessary  to  give  stiffness  during  the  movement  of  the  swing  bridge,  are 
provided  with  elastic  sling  loops,  or  any  other  suitable  elastic  medium. 
The  half  loaded  di-aw  will  de^jress  somewhat  the  drum,  the  wheels  and 
■even  the  masonry,  and  the  light  diagonals  being  incapable  of  taking  up 
any  gi-eat  amount  of  strain  "nithout  stretching,  the  other  bearing  ou  the 
round  pier,  wiU  remain  in  action.  The  two  chords  above  the  round 
pier  -nill  sensibly  exjierience  the  same  amount  of  stress.  It  is  even 
admissible  to  slacken  these  diagonals  when  the  draw  is  fixed,  so  that 
the  bridge  may  act  by  a  scientifically  correct  general  arrangement  of  modi- 
fied continuity,  and  before  the  bridge  is  to  be  turned,  by  some  arrange- 
ment, the  diagonals  might  be  brought  into  action.  By  such  construction 
the  gTeater  part  of  the  weight  would  not  be  thrown  on  only  a  few 
wheels.  The  great  and  wholly  unnecessary  complicity  of  the  calculation 
of  a  bridge  resting  on  four  supi^orts,  can  be  dispensed  with,  so  much  the 
more  since  the  whole  theory,  under  all  circumstances,  deserves  but  veiy 
little  confidence. 

The  investigation  which  is  now  finished  will  surely  not  impair  confi- 
dence in  the  construction  of  bridges  whose  design  is  exclusively  based 
on  the  plain,  unmistakable  law  of  the  lever,  which  can  be  calculated  in 
a  short  time,  be  easily  manufactured  and  erected. 

If  engineers  wish  to  build  continuous  girders,  they  will  do  better  to 
use  corftinuous  bridges  with  hinges,  when  they  wiU  escajje  aU  uncertain- 
ties  caused  by  defects  of  theory,  by  inequality  of  moduli,  by  several 
systems  of  diagonals,  by  inequality  of  heights  of  supports,  of  additional 
strains  caused  by  heat  of  sun,  &c.  Practical  men  will  welcome  such  sim- 
plicity, notwithstanding  it  may  not  satisfy  a  few  mathematicians,  because 
the  problems  connected  therewith,  to  them,  may  not  seem  sufficiently 
interesting. 

*  His  whole  investigation  was  published  in  the  report  of  the  Ki-eutz  Kustrin  B.  K.  of  1857. 
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Appendix  A. 

Torsional  Experiments  with  Phcenix  Iron  i-rom  Kuhrokt. 
The  bars  were  twisted  forward  and  backward,  each  particle  being  alternately  strained  by 
tension  and  by  compression;  (all  strains  are  in  pounds  per  square  inch). 


Strains. 


From       to  Corn- 
Tension    pression. 


Repetitions     I 
which  produced ' 
Rupture. 


Strains. 


From    I  to  Corn- 
Tension  Ipression. 


j     Repetitions 

I  which  produced 
Sum.  Rupture. 


-  35  200 

+  35  200 

70  400 

56  430 

—  24200 

+  24  200 

48  400 

3  632  588 

—  33  000 

+  33  000 

66  000 

99  000 

—  22  000 

+  22  000 

44  000 

4  917  992 

—  28  600 

+  28  600 

57  200 

479  490 

—  19  800    +  19  800 

39  600 

19  180  791 

-  26  400 

+  26  400 

52  800 

909  810 

—  17  600   +  17  600 

35  200 

132  250  000      not 
broten. 

Experiments  on  Flexure  with  same  Iron. 
Each  particle  had  to  stand  but  one  kind  of  strain,  either  tension  or  compression. 


Strain.    • 

Repetitions  which 
produced  Rupture. 

Strain. 

Repetitions  which 
produced  Rupture. 

60  500 

169  750 

39  600 

4  035  400 

55  000 

420  000 

35  200 

3  420  000 

49  500 

481  975 

33  000 

4  820  000  not  broken 

44  000 

1  320  000 

Flexure  of  Homogeneous  Iron. 
Melted  wrought  iron,  Irom  Pearson,  Coleman  &  Co.,  in  Hull.     Variable  flexures  were 
added  to  permanent  ones. 


Permanent  Strain. 

Variable  Strain. 

Maximum  of  both. 

Repetitions  which 
produced  Rupture. 

44000 
33  000 

44  000 
,44  000 

44  000 

88  000 
77  000 
44  000 

475  500 
1  234  600 

34  500  000  not  broken. 

■ 

Phcenix  Iron  under  repeated  Extensions. 


Tensile  Strains. 

Repetitions      , 
until  Rupture 
took  place. 

Tensile  Strains. 

Repetitions 

until  Rupture 

took  place. 

From  per- 
manent 
Strains 

to 

From  per- 
manent Strains 

to 

0 
0 
0 
0 

52  800 
48  400 
44  000 
39  600 

800        I 
106  910 
340  853 
409  481 

0           j       39  600 

0           1       35  200 

22  000                 48  400 

26  400           !       48  400 

1                               I 

480  852 
10  141  645 
2  373  424 
4  000  000  not  broken. 
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Torsional  Experiments  on  Steel. 
Each  particle  under  tension  and  compression. 


From 
Tension 

to 
Compression 

Sum. 

Repetitions  to  produce  Eupture. 

-  35  200 

+  35  200 

70  400 

642  675  1 

-  35  200 

—  33  000 

+  35  200 
+  33  000 

70  400 
66  000 

3  114  160  1 

y     Krupp's  Steel. 

4  163  375 

—  33  000 

+  33  000 

66  000 

45  050  640  , 

—  24  200 

+  24  200 

48  400 

19  100  000     not  broken. 

—  35  200 

+  35  200 

70  400 

627  000  1 

s 

—  35  200 

+  35  200 

70  400 

20  4G7  780  ] 

cc 

—  33  000 

+  33  000 

66  000 

2  845  250 

1 

—  33  000 

+  33  000 

66  000 

57  360  000     not  broken. 

K 

-  28  600 

+  28  600 

57  200 

14  176  171     not  broken. 

—  33  000 

+  33  000 

66  000 

1  023  625     Borsig  steel. 

—  26  400 

+  26  400 

52  800 

3  275  860      Vicker's  steel. 

-  24  200 

+  24  200 

48  400 

8  660  000  )  not  broken. 

—  26  400 

+  26  400 

52  800 

859  700     broken  (Krupp's). 

Same  Experiments  on  Homogeneous  Iron  ; 


■  28  600 
•  26  400 


(melted  wrought  iron). 
636  5U0 


+  26  400 


Experiments  on  Flexure  with  Steel. — Krupp's  Railroad  Axles. 


Direct  Strains. 


To 


Repetitions  producing 
I  Rupture . 


Direct  Strains. 


Repetitions  producing 
Rupture. 


60  500 
57  750 

57  200 

77  000 
66  000 
60  500 


1  762  300 
1  031  200 
1  477  400 

Bochum's  Railroad 
104  300 

317  275 
612  500 


0        I       55  000 
0        !       55  000 

55  000 
55  000 
49  500 


5  234  200 

40  600  000  not  broken. 


729  400 
1  499  600 
43  000  000  not  broken. 


0 

110  000 

Krupp's  Sj 
39  '.'50                        ; 

jring  Steel 
0 

55  000 

40  600  000  not  broken. 

0 

88  000 

117  000 

0 

49  500 

32  942  000  not  broken. 

0 

66  000 

468  200 

(Experiment  was  ended) 
38  000  000  not  broken. 

88  000 

132  000 

35  600  000  not  broken. 

44  000 

88  000 

99  0C0 

132  000 

33  478  700  broken.       , 

61  600 

88  000 

36  000  000  not  broken. 

72  600 

110  000 

19  673  300  not  broken. 

27  500 

77  000 

36  600  000  not  broken. 

66  000 

99  000 

33  600  000  not  broken. 

33  000 

77  000 

31 150  000  not  broken. 

44  000 

88  000 

35  800  000  not  broken. 
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APPENDIX   B. 

In  the  foregoing  pages,  acquaintance  witli  tlie  theory  of  the  elastic  line  of  the  beam  was 
supposed.  It  will  now  be  shown  how  this  curve  may  be  determined  in  a  skeleton  structure,  by 
means  of  a  simijle  trigonometrical  consideration. 

Fig.  17.  Ls'  -^  B  O  he  a.  triangle  whose  sides  ab  c  have  been  altered  by  very 

small   quantities  A  a,  A  *,  Ac;   the  problem  is  to  find  the  alteration 
A  a  of  an  angle.    We  have  a=  =  62  +  c"— 26c.co8.oc,  which,  by  insert- 
ing  the    differences,    leads    to   (a  +  A  a)=  =  (b  +  A  6)=  +  (c  +  A  c)= — 
2  (6  +  A  6)  (c  +  A  c)  COS.  (a  +  A  a  ). 

By  developing  this  equation  and  considering  that  the  squares  of  differences  are  very  smaB 
quantities  in  comparison  with  their  first  powers,  we  get  : 

aAa  =  6A6  +  cAc— (fiAc  +  cAfi)  cos.  oo  -f  &  c  sin.  oc   A  a  . 
Hence  we  derive  the  value  of  A  oc . 


^^^^^ 


Aoc 


aAa  —  6A&  —  cAc+(6Ac  +  cA&)  cos. 


6  c  .  sin.  (X 

By  applying  this  formula  to  a  rectangular  triangle  the  formula  is  simplified  into  : 
_    Aa        Ad         a  ) 


Fig.  18. 


AR-- 


d 
^d 

~(r  ■ 

A6 


A  d 


(1-) 


The  sum  of  AQe4-A/3  +  Ai?=0,  as  expected. 

These  few  formulae  (1)  are  sufQcient  to  calciilate  the  angles  of  deflection  at  a  joint  of  a 
properly  built  skeleton  bridge. 

Fig.  19.  Fig.    19    represents    part    of 

^'■\  a    quadrangular    truss,    whose 

^"^'^  panels  have  the  length  c,  whose 

height  is  h,  and  whose  diagonals 
are  of  the  length  d.  The  truss 
being  under  transverse  strain, 
receives  alterations  of  the 
lengths    of    its    members    and 

■( fr  —  ■*- r k- c ^  consequently     of     its     angles. 

The  angle  A  originally  was  180  degrees,  we  now  have  to  calculate  the  small  alteration  yn  of  this 
angle.    This  alteration  is  the  sum  of  the  alterations  of  the  three  angles  around  A,  namely  : 
Ac,,-,— AcSi    .      A/i»-i  — A7t„        /  Adn-i  —  ildn 
c  \  he 


yn 


--)■' 


(2.) 


In  this  expression 


-,  —  Ac^ 


representing  the  influence  Of  the  chords  c  and  c',  is  a 


is  under  compression  c^,,  will  be  under  tension  and  the  absolute  values  of 

A/in-i  —  Ahn 


sum,  because  if  cn- 

the  alterations  of  these  quantities  will  add  together.    The  influence  of  the  posts 

,7 

Adu  ) 


and  of  the  diagonals  (  Adn- 


-~  are  actual  differences  of  absolute  numbers.    Hence 


h.c 


it  follows  that,  generally  speaking,  the  influence  of  the  chords  on  the  value  of  deflection  must 
be  more  important  than  the  influence  of  the  web  members. 

The  theory  of  the  elastic  line,  such  as  developed  with  the  integral  calculus,  throws  off  the 
influence  on  y  caused  by  the  posts  and  diagonals,  whilst  only  the  chords  are  considered.  It  is 
our  object  to  now  show  that  this  neglect  leads  to  appreciable  errors.  Suppose  the  originally 
straight  bottom  chord  of  a  beam  has  deflected  and  the  angles  of  180»  at  I,  II,  III.  .  .  .  have 


altered  by  the 


Fig.  20. 


which  alterations  here  ai-e  negative  values. 

The  question  arises  which  will  be  the  angles- 
X  and  y.     The  originally  horizontal  chord  pieces- 1 
Ci  c^  Cj  ...  will  form  angles  with  the  line  A  1 
follows  : 

a;.  (a;  +  Vi).  i^  +  Yi  +  Va).  (a:+7i  +  Va+V.O. 
a;  +  Vi  +  V3+V3  •   •   •  +7«-r)' 
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(3.) 


Here  also  exists  tbc  equatiou  : 

—  {^~y)=lyi+y'.  +  y,   •  •  •  -rV"-i.) 
so  that  — i/  =  a;-|-7,  +  V2  +  V3>-'-     i  V'l-i-  ' 

The  chord  pieces  Ci  c„  .  .  beiug  equally  long,  the  sum  of  the  sines  of  the  angles  which  are 
formed  by  Cj  c^  .  .  .  c,,-^,  with  the  horizontal  line  A  B  must  be  equal  to  zero.  And  since  the 
angles  are  very  small,  their  sines  can  bo  put  equal  to  the  angles  themselves.  Consequently  we 
arrive  at  this  equation  : 

0=.r-f  (2  +  y,)^(.rJ-Vi  +  Y=)  +  (-^  +  Vi+Y=  +  V3)-f-  .    •    .  -f  (■*■•  + Vi  +V=+  ■   •   •    ■ 
+  ynn-,)      (i.) 
or, 

—  nx=  (n  — 1)  Vj  +  {«  — 2)y, -h()i  — 3)  Ys-f-  .  •  •  +  2y„-2  +  V„-,. 
and  likewise   we   have:  — ny=  i.n  —  1)  yn-,  +  (n  —  2)y„-r,-l-[n  —  3)y«-3 +y„  +  yj. 

In  case  of  the  sijan  A  B  being  uniformly  loaded  and  supported  on  both  ends  the  angles  x  and  y 
would  be  equal,  and  since  the  sum  x  --- (/equals  the  negative  sum  of  the  angles  y^  --  Va  I- .  yx-i 
each  one  would  be  half  this  sum.  By  inserting  the  values  of  equatiou  (2)  in  the  expression  for 
x-'^y  of  a  uniformly  loaded  truss,  all  Xhn  and  Ad,,  will  disappear,  with  exception  of  the 
influence  of  the  end  posts  and  of  the  end  diagonals  of  each  system.  The  chords,  however, 
will  remain  in  the  formula  for  x  and  y  under  any  circumstances.  Of  a  uniformly  loaded  beam, 
resting  upon  two  supports,  the  influence  of  the  web  on  the  angles  x  and  y  is  as  follows  : 


:  —  y  due  to  web  =  ^  I —-\- 


(A  do  +  A  (7,1 ) 


— ] 
he  A 


in  which  expression  Aho  and  A|/i,t  are  negative  values. 

The  total  expression  is  negative,  so  that  the  influence  of  the  web  increases  the  angles  x 
and  y. 

The  web  has  a  very  considerable  influence  on  the  angle  of  deflection  of  a  cantilever  beam. 
The  originally  straight  beam  A  B  being  fixed  at  B  is  bent  into  the  curve  B  1,  2,  3,  4,  C,  when 
the  angle  x  will  be  equal  to 

-2)  y^  +  .  .  2  y„.,  +  y,,-,  ^  +  angle    I  B  a'J 

In  this  sum  no  post  and  no  diagonal  of  the  ■ 
truss  AB  will  disappear. 

If  we  now  suppose  the  special  cause  of  in- 
terest that  the  cantilever  AB  in  A  respectively, 
C  is  acted  upon  by  a  single  weight  P,  we  know 
from  the  law  of  the  lever  that  the]  chords  are 
strained  the  more,  the  further  they  are  from  A. 
Hence  we  have  to  multiply  P  with  its  lever 
arm,  from  A  to  the  chord  piece  in  considera- 
tiou,  to  divide  by  the  section  of  the  member 
and  by  the  modulus.    Heuce  the  value  of  compression  or  tension  of  a  chord  piece  C«  equals 

7,  ', .  '    ''— so  that  the  factor ^    is  common  to  all  extensions  and  compressions. 

SechmiXE.  h  EX  section 

provided  the  sections  are  taken  as  constant,  which,  as  well  known,  is  one  of  the  principal 

hypothesei  of  the  ordinary  theory  of  continuity.     By  inserting  this  exi)ression  into  formula  (4), 

w  being  the  section,  we  get  : 


X 

2c=P 

nE.w.h^   ■ 

2c»P 

(n- 

-1)  = 
-1)  . 

+  (n-2)=  +  . 
n  .  (?«  —  1) 

.  .  9  + 

•-] 

* 

n.  E IV.  k-' 

• 

1 

2.3 

If 

n  becomes 

a   very  large  numbei 

{n  — 

l).(n)(2«— 1) 
6^ 

turns 

into-| 

and 

the   angle 

x=  - 

P.  (c 
i.E. 

P.  Z= 

2~ 

=  the 

moment  of  inertia  /, 

md  en  = 

I  J 

the  length 

of  the 

span. 

This 

formula  was  one  on 

which 

we  based  our 

method 

of  the  treatment  of  the 

common  theory  of  coutiniious  girders.  Its  use  involves  the  supposition  that  the  extensions 
of  the  diagonals,  and  the  compressions  of  the  posts,  are  immaterial  in  regard  to  tlie  angles  of 
deflection. 


Angle  I  B  A  la  the  angle  which  the  curve  makes  with  A  B  at  B. 
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Since    we  know  that  the  angles  a;  +  2/  eqiaal  the  sum  of  all  angles  y,  y  can  readily  be 

derived  from  x,  and  there  will  be  t/  =  — —-  . ^ ,--   .  -  -=  „    „'       .     This 

E  .  w  .  h'         2        E  .  V-' .  h-        3        a.  E.I. 

was  the  other  of  two  Eq's  (///). 

In  order  to  prove  by  figures  the  influence  of  the  web  system  on  the  angles  of  deflection, 
the  example  of  the  two  200  feet  sjiaus  is  chosen.  The  chords  of  this  design  are  almost  of 
equal  section.  This  average  section  applied  to  the  genera!  formula  for  the  angles  y  and  5  under 
supposition  of  the  full  load,  1  200  pouuils,  for  dead  load  and  2  240  pounds  for  the  movable  load 

3  440  .  200  .  200  .  260  .  2  5.87      ,  ^    ,     . 

per  foot.    There  results  v  =  «  -   2  .  24  .  30  000  000  .  25  .  25  .  25   =  -2400" '"^"'^  *^"  ^''^^°' ^  ^''^ 

2  400 
influence  of  the  posts  and  diagonals.    This  correction  amounts  to 

cent,  of  the  angle  due  to  the  chords  alone. 

The  angle  of  elevation  caused  by  the  chords  under  action  of  the  total  force  ^  =  42  630 
equals 

42  630     200= 5.82 

3       ■  30  000  000   .    25   .   25   ■    25  ~   2  400 
2 
This  value  is  so  nearly  equal  to  ;,-'„-  found  to  be  the  angle  of  deflection  due  to  the 

chords  alone  as  caused  by  the  full  load  on  the  two  spans,  that— were  it  not  for  the  web  sys- 
tem— we  should  feel  very  much  satisfied  with  the  exactness  of  the  theory. 

But  the  force  42  G30  =  p  also  causes  extensions  and  compressions  of  the  web  members 

1.7 
which  result  in  the  angle  of  elevation      ^  -  >  amounting  to  30  per  cent,  of  the  angle  caused 

by  the  chords. 

We  have  now  the  angles 

Caused  by  chord.  Caused  by  web.  Total, 

of  deflection  5.87  3.79  9^66^  , 

2  400  2  400  2  400 

of  elevation  5^2^  ^.^0  ^52 

2^0  2^400  2  400^ 

The  total  angles  should  be  equal,  but  they  difl'er  in  reality  by  29  per  cent.  The  angle  of 
-elevation  is  too  small ;  in  other  words,  the  force  42  630  is  found  too  small,  or  consequently  the 
moment  over  the  middle  pier  is  calculated  too  small.  The  webs  of  the  calculated  200  feet 
spans  are  too  strong  at  the  end  piers,  and  they  are  too  weak  at  the  central  pier.  The  chords 
in  the  middle  of  the  spans  such  as  designed  are  too  large.  The  point  of  contrary  flexure  is 
nearer  to  the  centre  of  each  span  than  anticipated. 

In  short,  the  apiilication  of  the  common  theory  of  continuity  to  skeleton  structures  is  not 
justified.  Whilst  continuity  of  rolled  beams  or  of  plain  plate  girders  of  uniform  section  and 
small  depth  in  some  constructions  may  be  used  with  advantage,  the  theory  of  continuity 
should  not  be  applied  to  deep  trusses  with  variable  sections  of  chords,  posts  and  diagonals, 
and  of  surely  different  moduli;  so  much  the  less,  since  true  economy  refers  us  to  single 
spans,  designed  exclusively  on  the  principle  of  the  lever. 

The  most  economical  structures  fortunately  require  but  very  little  calculation,  so  that 
estimates  can  be  made  within  a  few  hours,  without  formul<B  or  drawings.  All  that  is  neces- 
sary is  a  piece  of  paper  and  a  pencil  in  the  hand  of  a  thinking  bridge  engineer,  who  in  the 
school  of  practice  has  learned  to  sift  rubbish,  both  analytical  and  graphical,  from  the  few  prin- 
ciples of  natural  philosophy  which  are  really  needed,  which  are  commercially  applicable  and 
from  which,  by  plain  reasoning,  special  rules  readily  can  be  derived  whenever  desirable. 


CXXIII. 

NOTE  OX 

THE  RESISTANCE  OF  MATERIALS, 

AS    AFFECTED    BY    FLOW    AND    BY    RAPIDITY    OF    DISTORTION. 

A  Paper  by  Prof.  Eobekt  H.  Thueston,  Member  of  the  Society. 

Presented  March  Ist,  1876. 

The  eflect  of  the  "Flow  of  Metals"  and  of  the  force  of  polarity  de- 
scribed by  Prof.  Henry,  in  modifying  their  resistance  to  external  stress 
and  their  strain,  was  alluded  to  by  the  writer  in  preceding  Transactions, 
as  follows  :* 

"  The  same  molecular  movement,  or  flow,  which  rearranges  the  inter- 
nal force  and  reheves  internal  strain,  may  be  a  phase  of  that  viscosity 
which  Vicat  siipiDosed  might  in  time  permit  rupture  of  metal  subjected 
to  stress  nearly  approaching  its  original  ultimate  resistance,  the  one 
action  being  a  more  immediate  result  than  the  other,  and  the  latter  pro- 
ducing its  eflfect,  even  when  cohesive  force  may  have  been  actually  inten- 
sified." 

It  was  noted,  however,  that,  in  all  cases  in  which  -WTOiight  iron  and 
steel  had  been  subjected  to  stress  exceeding  the  elastic  Hmit,  the  metal 
had  exhibited  no  tendency  to  flow,  and  that,  in  nearly  every  case  ob- 
served, an  actual  "elevation  of  the  elastic  limit  by  strain"  had  taken 
place.  No  experiment  had  then  been  made  by  the  writer  in  which  the 
same  sample  had  exhibited  both  the  elevation  of  the  elastic  limit  by 
strain  and  the  phenomenon  of  flow. 

Since  that  time,  when  experimenting  upon  copper,  strain- diagi-ams 
produced  automatically  have  been  observed  to  exhibit  this  double  eflfect. 
The  elevation  of  the  elastic  limit  has  occurred  in  the  earUer  pari  of  the 
test,  and,  at  a  later  period,  the  st]'ain-diagram  exhibits  flow,  the  metal 
yielding  under  a  gi'aduaUy  decreasing  stress.  The  progressive  distortion 
which  had  never  been  observed  by  the  writer  in  iron  or  steel,  has,  since 
the  date  of  the  paper,  been  frequently  noted  in  other  materials.  For 
example,  the  following  are  a  few  illustrations  f: 

*  LXXXII.    On  the  mechanical  Properties  of  Materials  of  Construction.    Vol.  Ill,  page  13. 
t  Selected  from  the  record  books  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of 
Technology. 
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Tests  by  Torsion. 


NUM- 
BEB 


Material. 
Pabts 


Copper 


Time 

Angle    ' 

UNDER 

OF 

Stress. 

Torsion. 

Fall 

OF 
^PENCIL. 


40  hours. 

I  1  hour. 

'  2  hours. 

0.56    12  min's. 

1.11    


Recov'd  after  further  distortiou  of  ] 
"        in  8'. 


65°  0.06 
180°  0.1 
280°     0.1        "  "        in  80°. 

^  380°  !  50  per  cent.  Did  not  recover. 

' Behaved  like  No.  i 

58°  I  0.2  inches.    Did  not  recover. 


Tests  by  Transverse  Stress, — with  Dead  Loads. 

Samples  1  X  1  X  22  inches. 


Material. 
Parts 


Tin.        Copper. 


7.2 
10. 


Load.       Deflection. 
Pounds.  Inches. 


475 
500 
950 
950 
1485 
100 
120 
14U 


Time 


I  Increased   I  Breaking 

Deflection.  I    Weight. 

Inches.       ,    Pounds. 


0.534 

5  minutes. 

0.009 

650 

1.762 

0.291 

2.108 

3        .<         1 

0.488 

500 

0.348 

5         "-         i 

0.081 

1350 

0.395 

'         "         1 

0.021 

3.447 

13        ..         1 

4.087 

1  485 

0.085 

10         "         ' 

0.021 

0.14 

10         " 

0.055 

0.221 

10 

0.098 

0.319 

10         " 

0.038 

0.357 

40  hours.     [ 

0.92 

1.294 

10  minutes. 

0.025 

1.32 

1  day.          1 

1. 

2.32 

1    " 

1. 

a. 32 

1    " 

1. 

160 

0.243 

5  minutes. 

0.063 

0.736 

15 

1.055 

1.791 

30        ■< 

0.748 

2.539 

45 

0.595 

3.134 

12  hours. 

'■ 

120 

0.218 

5-minutes. 

0.064 

110 

*  Taking  elasticity  line. 
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Metals  having  a  composition  intermediate  between  tliese  extremes 
Lave  not  been  observed  to  exhibit  How  or  to  increase  deflection  under  a 
constant  load. 

Tests  by  tension  with  similar  materials  exhibit  similar  results,  and 
these  observations  and  experiments  thus  seem  to  confirm  the  remarks  of 
the  -m-'iter  as  above  quoted,  and  to  indicate  that,  under  some  conditions, 
the  phenomena  of  flow  and  of  elevation  of  the  elastic  limit  by  strain  may 
be  co-existent  and  that  progressive  distortion  may  occur  with  "  viscous  " 
metals. 

The  paper  referred  to,  enunciated  a  principle  which  had  been  deduced 
from  experiments  on  wrought  iron  which  is,  if  possible,  of  more  vital  im- 
portance to  the  engineer  than  the  facts  just  given,  viz. :  "  That  the  time 
during  which  applied  stress  acts,  is  an  important  element  in  determining 
its  effect,  not  only  as  an  element  which  modifies  the  effect  of  the  vis  viva 
of  the  attacking  mass  and  the  action  of  the  inertia  of  the  piece  attacked, 
but,  also,  as  modifying  seriously  the  conditions  of  production  and  relief 
of  internal  strain  by  even  simple  stresses."* 

It  was  then  shown,  by  autographic  strain-diagrams,  that  some  mate- 
rials yield  the  more  readily  the  more  rapidly  the  distortion  and  rupture 
are  produced,  their  resistance  varying  in  some  inverse  ratio  with  the 
rapidity  of  change  of  form.  It  was  further  suggested  that  this  action 
might  be  closely  related  to  the  opposite  phenomenon  of  the  elevation  of 
the  elastic  limit  by  strain.  An  explanation  was  offered  in  the  theory  that, 
with  rapid  distortion,  insufficient  time  is  allowed  for  the  relief  of  internal 
strain  in  materials  capable  of  exhibiting  that  condition.  It  was  further 
remarked  that  ' '  the  most  ductile  substances  may  exhibit  similar  behavior, 
when  fractured  by  shock  or  by  any  suddenly  applied  force,  to  substances 
which  are  comparatively  brittle,"  and  illustrations  were  given  of  such 
behavior,  and  the  precautions  to  be  taken  by  the  engineer,  in  view  of  this 
important  modification  of  the  resistance  of  materials  by  velocity  of  rup- 
ture, were  stated. 

The  writer  has  continued  his  experimental  researches,  with  occasional 
inteiTuption,  since  that  time,  and  has  found  the  above  given  statements 
confirmed,  and  that  relations  exist  between  these  phenomena  of  strain 
and  the  time  under  stress,  which  may  properly  be  stated  here  as  comple- 
mentary of  the  principles  already  published  in  the  two  preceding  notes 
which  have  appeared  in  Transactions.! 


*  Vol.  Ill,  page  30.    t  LXI.    Vol.  II,  page  239.    CXV.    Vol.  IV,  page  ; 
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Slioiild  it  be  true,  as  suggested  by  the  writer,  that  the  cause  of  the 
decreased  resistance,  sometimes  observed  with  increased  velocity  of  dis- 
tortion, is  closely  related  to  the  cause  of  the  elevation  of  the  elastic  limit 
by  strain,*  it  would  seem  a  simple  corollary,  that  materials  so  inelastic 
and  so  viscous  as  to  be  incapable  of  becoming  internally  strained  during  dis- 
tortion should  offer  greater  resistance  to  rapid  than  to  sloioly  produced  dis- 
tortion,  in  consequence  of  their  inability  to  "  flow  "  so  rapidly  as  to  reduce 
resistance  by  such  fluxion  at  the  higher  speed,  or  by  correspondingly 
reducing  the  fractured  section.  This  principle  has  been  shown,  by  a 
large  number  of  experiments,  to  be  frequently,  if  not  invariably,  the  fact. 
Copper,  tin  and  other  inelastic  and  ductile  metals  and  alloys  are  found  tO' 
exhibit  this  behavior,  and  are,  therefore,  quite  ojoposite  in  this  respect  to 
ordinary  wrought  iron  and  worked  steel. 

The  wi-iter  has  noted  the  fact  that  very  soft  wrought  iron  does  not 
always  exhibit  an  observable  elevation  of  the  elastic  limit  by  strain,  and 
Com.  L.  A.  Beardslee,  U.  S.  N.,t  has  recently  observed  that  the  softest 
and  most  ductile  specimen  of  iron  yet  tested  by  him  at  the  Washiipgton 
Navy  Yard  exhibited  a  perceptible  increase  of  resistance  with  a  consider- 
able increase  of  rapidity  of  extension.  This  metal  was  peculiar  in  its 
softness  and  extreme  extensibility.  All  the  irons  of  commerce  appear  to 
belong  to  the  other  class. 

The  records  of  the  Mechanical  Laboratory  of  the  Stevens  Institute  of 
Technology  frequently  illustrate  the  proposition  that  metals  which  gradu- 
ally yield  under  a  constant  load  ofi'er  increased  resistance  with  increased 
rapidity  of  rupture. 

The  curves  of  deflections  of  a  considerable  number  of  ductile  metals 
and  alloys  are  veiy  smooth  when  the  time  during  which  each  load  has 
been  left  upon  them  is  the  same  ;  but,  whenever  that  time  has  been 
variable,  the  cui-ve  has  been  irregular.  Bars  of  such  metals  broken  by 
transverse  stress  give  a  greater  resistance  to  rapidly  increasing  stress 
than  to  stress  slowly  intensified.  Two  pieces  of  tin  from  the  same  bar 
were  broken  by  tension,  the  one  rapidly  and  the  other  slowly.  The  first 
broke  under  a  load  of  2  100  and  the  latter  of  1  400  pounds.  The  example 
illustrates  weU  the  very  great  diflference  which  is  possible  in  such  cases, 
and  seems,  to  the  writer,  to  indicate  the  possibility  in  extreme  cases  of 
obtaining  results  which  may  be  fatally  deceptive  when  the  time  of  rup- 
ture is  not  noted. 


'■  Transactions,  Vol.  Ill,  page  363.    t  Whose  work  has  been  referred  to,  in  earlier  papers. 
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AutogTiipliie  strain-diagrams,  given  b}'  this  class  of  metals,  exhibit 
smooth,  straight  and  horizontal  lines  for  long  distances  on  the  paper 
where  the  distortion  is  produced  by  a  uniform  motion.  Increasing  the 
rapidity  of  distortion  catises  an  immediate  and  sustained  elevation  of  the 
pencil,  and  a  decrease  of  velocity  causes  the  line  to  droop  to  a  lower  level. 
In  some  experiments  *  a  torsion  of  one  revolution  in  a  half  hour,  the 
test  piece  being  ij  inch  diameter  and  one  inch  long,  just  kej^t  the  pencil 
on  a  horizontal  line. 

Two  test  pieces  from  the  same  bar  were  broken,  the  one  rapidly, 
the  other  slowly.  The  former  gave  a  strain-diagram  of  which  the 
maximum  ordinate  was  about  50  foot  pounds  higher  than  the  maxi- 
mum of  the  latter,  the  diflference  being  nearly  50  i^er  cent,  of  the 
higher,  t 

It  is  evident  that,  M'hatever  the  character  of  the  material  and  what- 
ever the  velocity  of  rupture,  the  effect  of  the  inertia  of  the  mass,  and  of 
particles  not  immediately  affected  by  a  shock,  remains,  and  that  its  effect 
is  always  to  reduce  the  resilience  of  the  metal  and  its  resistance  to  shock  ; 
and  this  reduction  ma^^  in  many  cases,  more  than  compensate  the 
increase  of  resistance  here  noted.  Its  tendency  is  always  to  produce  a 
sharji  fracture  which,  with  such  sudden  blows  as  are  given  by  cannon 
shot,  for  example,  may  resemble  the  break  characteristic  of  brittle  and 
non-ductile  substances. 

The  writer  would,  therefore,  divide  the  mL'tals  used  in  construction 
into  two  classes  : 

1st.  Metals  subject  to  internal  strain  by  artificial  manipulation 
and  which  may  exhibit  an  elevation  of  the  elastic  limit  by  strain 
and  decreased  power  of  resisting  stress  under  increasing  rapidity  of 
distortion.  The  ordinary  irons  of  comnu^rce  are  typical  of  this 
class. 

2d.  Metals  of  an  inelastic  viscous  character,  not  subject  to  internal 
strain  and  not  usually  exhibiting  an  elevation  of  the  elastic  limit  by  strain 
and  which  offer  increased  resistance  when  the  rapidit}'  of  distortion  is 
increased.     Tin  is  a  typical  example  of  this  class. 

It  is  obvious  that  the  value  of  the  former  class  for  the  construction  of 
the  engineer  is  vastly  greater  than  the  latter,  and  especially  for  permanent 
loads  and  low  factors  of  safety. 


♦Made  for  the  writer  with  great  care  aud  skill  by  his  assistaut,  Mr.  Wm.  Keut. 
tThe  iuertia  of  ttie  wei<jht  iu  tUi'sc  (examples,  ha.s  uo  measurable  effect  iu  modifying  those 
results. 
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The  depression  of  tlie  elastie  limit  has  been  oliscrved  previously  in  ma- 
terials, but  less  attention  has  been  paid  to  it  than  the  importance  of  the 
phenomenon  would  seem  to  demand.  The  accompanying  plate  exhibits 
the  strain  diagrams  produced  by  plotting  the  results  of  experiments.* 
They  are  selected  as  typical  examples,  and  as  representing  the  two  classes 
of  materials  described. 

In  making  the  experiments  the  bar  was  mounted  on  cylindrical  steel 
bearings,  which  were  themselves  supported  on  accurately  planed  level 
surfaces,  and  the  deflection  was  produced  by  means  of  a  powerful  screw 
and  a  large  hand-wheel.  The  Aveight  was  measured  by  a  Fairbanks 
scale  combination,  and  the  deflections  and  sets  by  a  special  measuring 
apparatus  t  which  reads  to  0.0001  inch,  -nith  an  error  of  0.000741. 
Touch  is  indicated  by  a  delicate  Stackpole  level.  The  measuring  instru- 
ment was  unaffected  by  the  forces  tending  to  distort  the  straining  appa- 
ratus. The  deflecting  force  was  adjusted  by  the  scale-beam.  The  bar 
being  in  place,  the  weight  to  be  put  on  it  was  set  ofi"  on  the  scale-beam, 
nnd  the  screw  was  carefully  turned  until,  by  its  pressure  on  the  middle 
of  the  bar,  the  scale-beam  slowly  rose  and  vibrated  about  the  middle  of 
its  range,  Avhich  point  was  indicated  by  a  pointer  at  the  end  of  the  beam, 
traversing  a  fine  lined  scale  on  the  frame.  When  the  adjustment  had 
become  satisfactory,  the  deflection  was  read  off"  and  the  beam  usually 
released,  in  order  that  the  set  might  be  observed.  It  was  then  again 
deflected  by  a  heavier  weight.  Occasionally  the  bar  was  left  thus  strained, 
and  with  a  constant  deflection,  for  a  considerable  period  of  time,  and 
the  change  of  effort  exerted  by  it  noted  at  frequent  intervals.  In  all  such 
cases  the  scale-beam  gradually  drooped,  and  a  decreased  effort  to  eflfect 
restoration  of  form  was  indicated.  When  the  beam  had  fallen,  the 
weight  was  pushed  back  until  the  beam  arose  and  vibrated  about  the 
centre  line  again,  and  the  weight  and  time  were  recorded.  This  was 
relocated  as  the  beam  exhibited  less  and  less  loss  of  power  of  restoration, 
and  when  this  decrease  of  eff'ort  no  longer  exhibited  itself,  a  new 
series  of  deflections  was  produced. 

The  bar  No.  599,  which  was  quite  ductile,  exhibited  an  unchanged 
law  of  relation  of  amount  of  deflection  to  intensity  of  deflecting 
force,  and,  as  shown  by  the  diagram,  the  curve  reiH'esenting  its  test 
pursued  the  same  general  direction  after  one  of  these  "time-tests"  as 
before. 

*  Made  and  recorded  in  the  Mechanical  Laboratory  of  the  Stevens  Institute  of  Technology  , 
t  Made  to  the  order  of  the  writer,  by  Mess.  Brown  &  Sharpe. 
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The  loss  of  effort  at  163  pouucls  is  seeu  to  have  been  about  20  pouuds, 
the  deflection  amounting  to  0.0347  inches,  and  the  effort  falling  from  163 
to  143  pounds.  At  403  pounds  the  loss  of  restorative  force  is  about  the 
same  ;  the  figures  fall  from  403  to  333  pounds,  the  deflection  being  held 
constant  at  0.0886  inches,  again  from  333  to  302  pounds  at  a  deflection  of 
0.0896,  and  still  again  from  1233  to  1137  pounds  at  a  deflection  of  0.5209 
inches. 

Before  the  bar,  under  further  deflection,  had  quite  regained  its  original 
resisting  power,  the  "time-test"  was  repeated,  the  deflection  amounting 
to  0.5456  inch,  and  the  weight  applied  being  1233  poimds.  The  result 
noted  was  quite  unanticipated.  The  effort  steadily  decreased  at  a  vary- 
ing rate,  which  is  indicated  by  the  diagram  of  time  and  loads,  and  the 
bar  finally  snapped  shar^sly,  and  the  two  halves  fell  upon  the  floor.  The 
eff'ort  had  decreased  to  911  pounds.  The  deflection  was  precisely  what 
it  had  been  under  the  load  of  1233  pounds.  The  beam  had  balanced  at 
911  pounds  for  about  three  minutes  when  the  fracture  took  place.  An 
assistant  was  sitting  fifteen  or  twenty  feet  from  the  machine  at  the  in- 
stant, but  no  one  had  apj^roached  the  machine  after  the  last  adjustment 
of  the  weight. 

This  is  a  case  without  parallel  in  the  experience  of  the  writer,  and  its 
conclusion  indicates  a  possibility  of  depreciation  in  resisting  power  of  the 
class  of  metals  of  which  tin  has  been  taken  as  the  type,  which  deprecia- 
tion, in  the  present  state  of  our  knowledge  of  the  properties  of  such 
metals  in  this  regard,  it  may  be  safest  to  assume  to  be  a  source  of  danger 
in  some  cases  in  which  the  load  approaches  the  maximtxm  resisting  power 
of  the  piece.  This  illustrates  the  case  of  progression  of  flow  until  the 
bection  most  strained  has  been  weakened  to  the  point  of  actual  molecular 
disruption,  which  disrui^tion  would  seem  to  have  been  here  produced  by 
the  efibrt  of  other  and  less  injured  portions,  to  resume  their  original 
positions,  and  to  straighten  the  two  halves  of  the  bar.  It  would  seem 
that  such  action  should  be  determined  by  flow  occurring  in  a  somewhat 
ductile  but  still  somewhat  elastic  metal. 

The  strain  diagram  of  this  bar  is  seen  to  be  nearly  hyperbolic  ;  but 
the  law  of  Hooke,  ut  tensio  sic  vis,  holds  good,  as  usual,  up  to  a  point  at 
which  the  load  is  about  one-half  the  maximum.  The  ciirve  of  times  and 
loads,  exhibits  the  rate  of  loss  of  effort  while  the  bar  was  finally  held 
at  a  deflection  of  0.5456  inch,  the  load  being  carefully  and  regularly  re- 
duced,  as    the  effort  diminished,  from  1233  to    911  pounds,  at  which 
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latter  figure  the  bar  broke.     The  curve  is  a  very  smooth  cue.     The  fol- 
lowing is  the  record  of  the  test : 

Bab  No.  599. 

90  parts  zinc,  10  parts  copper  :  1  X  0.  992  X  22  inches. 


Load; 

Inches. 

Load; 
Pounds. 

Inches. 

Load. 
Pounds. 

Inches. 

Pounds. 

Deflection,  j    Set 

Deflection. 

set. 

Deflection. 

Set. 

23 

0.0033    1  

363 

0.0781 



3 

0.0336 

43 

0.0078     

403 

0.0881 

643 

0.1641 

63 

0.0127        

3 

0.0079 

80, 

0.2149 

103 

0.0225        

403 

0.0886 



1  0«3 

0.3178 

143 

0.031          

Resistance  fell  in  8  h.  30  m. 

1  103 

0.3921 

163 

0.0347        

to  333 

0.0886 

1203 

0.481 

Besistan 

ce  fell  in  15  h.  25  m. 

3 

0.0246 

1  233 

0.5209 

to  143 

0.0347 

333 

0.0896 

Resistance  fell  in  15  m. 

3 

0.0039  i 

Resistance  fell  in  15  h. 

to  1  137 

0.5209 

163 

0.0391 

i 

to  302 

0.0896 

! 

3 

0.2736 

203 

0.0471 

1 
i 

303 

0.0876 



1137 

0.5131 

243 

0.0544 

! 

403 

0.1072 



1233 

0.5456 

283 

0.0611 



503 

0.1282 



323 

0.0692 

i 

C03 

0.1521 

The  bar  was  left  under  strain  at  11  h.  22  m.  a.  m.,  and  the  eflort  to 
restore  itself  measured,  at  intervals,  as  follows  : 

Hour.— 11  h.  37  m.;  11  h.  50  m.  a.  m.  12h.2m.;  12h.8m.;  12h.25m.;  12h.39im.: 
12  h.  531^  m.;  12  b.  58)^  m.;  1  h.  20  m.  p.  m. 

Effort.— 1  133;  1  093;  1  070;  1  063;  1  043;  1  023;  1  003;  993;  911  pounds. 

At  1  h.  23  m.  p.  M.  the  bar  broke. 

An  example  of  somewhat  .similar  behavior,  but  exhibited  by  a  metal 
of  very  different  quality,  is  shown  on  the  next  page. 

This  bar  was  hard,  brittle  and  elastic,  but  must  appai-ently  be  classed 
with  tin  in  its  behavior  under  either  continued  or  intermitted  stress. 

There  seems  to  the  writer  to  exist  a  distinction,  illustrated  in  these 
oases,  between  that  "flow"  which  is  seen  in  these  metals,  and  that,  to 
which  has  been  attributed  the  relief  of  internal  stress  and  the  elevation  of 
the  elastic  limit  by  strain  and  with  time. 

This  last  phenomenon — the  exaltation  of  the  elastic  limit  by  strain — 
has  been  observed  very  strikingly,  by  the  writer,  in  the  deflection  of 
iron  bars,  by  transverse  stress.     The  plate  exhibits  the  strain-diagrams 
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Bar  596. 

75  parts  zinc,  25  parts  copper;  Second  casting  :  0.985  -0.985  ■22  inches. 


Load; 

Inches. 

Pounds. 

Deflection. 

Set. 

23 

G3 
103 
U3 
183 
223 
263 
303 
343 
883 

0.0057 
0.0142 
0.0207 
0.0275 
0.0346 
0.0414 
0.0485 
0.0549 
0.061 
0.6669 

J 

Load; 
Pounds. 


i  Deflection. 


423     I         0.073 
463  0.0799 

503     I         O.OHfifi      

3      0.0014 

503  0.0866      

Resistance  fell  in  5  h. 

to489     '        0.0866     | 

3      0.0074 

489     I         0.0866     \ 

Besistanoe  fell  in  18  h.  30  m. 


Pounds. 

Deflection. 

set. 

to  473 

0.0866 



0.0894 

0.0952 
0.1012 
0.1042 
0.1075 
0.1102 
0.1136 

3 
503 

0.0092 

543 

583 

603 

623 

643 

663 

Broke  5  sec.  after  with  ringing 
sound. 


obtained  by  transverse  deflection  of  4  bars  of  ordinary  merchant  wrought 
iron  which  were  all  cut  from  the  same  rod.  Of  these,  two  were  tested  in 
the  machine  above  described,  in  which  the  deflection  remains  constant 
when  the  machine  is  untouched  while  the  load  gradually  decreased — or, 
more  properly,  while  the  effort  of  the  bar  to  regain  its  original  form, 
decreases.  The  other  two  were  tested  by  dead  loads — the  load  remaining 
constant  while  the  deflection  may  vary  when  the  apparatus  is  left  to 
itself.     (The  record  is  given  on  pages  209-212. ) 

These  two  pairs  of  specimens  were  broken  ;  one  in  each  set  by  adding 
weight  steadily  until  the  end  of  the  test,  so  as  to  give  as  little  time  for 
elevation  of  elastic  limits  as  was  possible,  and  one  in  each  set  by  inter- 
mittent stress,  observing  sets,  and  the  elevation  of  the  elastic  limit. 

If  the  long-known  effects  of  cold-hammering,  cold-rolling  and  wire- 
drawing, in  stiffening,  strengthening  and  hardening  some  metals  can  be,^ 
as  the  writer  is  inclined  to  believe,  attributed  in  part  to  this  molecular 
change,  as  well  as  to  simj)le  condensation  and  closing  up  of  cavities  and 
pores,  this  exaltation  of  the  elastic  limit  by  distortion  under  externally 
applied  force,  has  now  been  shown  to  occur  in  iron  and  in  metals  of  that 
class  in  tension,  torsion,  compression  and  under  transverse  .strain. 

Referring  to  the  plate,  it  will  be  seen  that  there  is  exhibited  the 
action  in  the  latter  case  even  more  fully  and  strikingly  than  in  the 
record  above  given,  and  a  study  of  these  typical  examples  cannot  fail  to 
I)rove  both  interesting  and  instructive. 
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Tksts  ok  wnoiGiiT  Iron   Haus  nv  Thansykusk  Strain. 

Samples  1  inch  square,  28  inches  long  :    2-2  iui-hes  between  supports. 

Xo.  648.     Tested  in  Fairbanks'  Machine. 


pounds.    Dkflf.c- 


Set. 


lO:)       0.0l;l2      

203       0.U241      

Resistance  fell  in  13  h.  35  m 
to  199       0.02U      

303        0.0342      

W3        0.0428      


pounds.     Deflec- 
tion. 


1303  0.1421 

1403  0.1504 


Loab; 


pounds. '  Deflec-        q^.., 

TION.  ^^^■ 


1403  0.1522       

licsistance  I'ell  in  3  m. 
to  1  387  0.1522       


1  603  I     0.4340        

1  711        0.445G       

17.53        0.4513       

1781         0.4G51       

Eesistance  lell  in  (ili.  3  iii. 
J  1  GGl        0.4Gol     I 


Resistance  fell  in  1  li.  30  ni.     '    Resistance  fell  in  2  h.  25  m. 


to  399       0.042S 


to  1  ,3G1  0.1,522 


0.0042  Resistance  fell  in  39  h.  5 


503        0.0.528       

603        0.OG19       

Resistance  fell  in  4  h. 
to  598        0.0619       

803        0.080G       

Resistance  fell  in  15  h.  15  in. 
to  789       0.080G      

903        0.0907      

1003        0.0995 

Resistance  fell  iu  5  h.  20  m. 


1329  0.1451 

1403  0.1.522 

1  4H3  O.IG 

1  523  0.1G47 

1563  0.17G1 

1    603  0.2.548 


. ,     0.310G 


to! 


0.0995 


1  G03  0.287         

Resistance  fell  iu  6  b.  3  i 


0.0049     ,;  tol  457 


1203       0.1197 


0.007 


457  0.2863 


1203         0.121      

Resistance  fell  in  2  b. 
to  1187         0.121      


0.2431 


1203  0.1226 

1243  0.12G0 

1283  0.1301 

1323  0.1354 


0.0096     i|        1703  0.4301       

;'    Resistance  fell  in  20  b.  50  m. 

,!  to  1  .541         0.4301      

;i  3      0.2846 

I       1541          0.4296      


I      1  G75        0.4076     I 

1  7S7        0.4808       

1811         0.544!)       

3     0.377 

1811        0.5GG1       

Resistance  fell  in  46  ra. 

to  1  675  I     0.5GG1       

Resistance  fell  in  17  b. 
tol  GGl        0.5601      


1661  0.5045 

1801  0.578 

1861  0.588G 

1877  0.G034 

1891  '     0.6626 


0.4938 


1891        0.7001       

Resistance  fell  in  10  s. 

to  18011    0.7001      

I 
Resistance  fell  in  6  m. 

to  1  787       0.7001     I 

Resistance  fell  in  5  b.  23  m. 

tol  721       0.7001      


•  i     0.6406 
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No.  Gi8 .—[Continuet] .) 


pounds.    Deflec- 

IION. 


pounds.   I  Deflec- 
tion. 


1741  [     0.7031      

1911        0.724'i      

1921  ;     0.75(56     ; 

3  ! ;     0.5746 

1921  I     0.7746      

fell  in  21  h.  48  m. 


Eesistauce  lell  in  47  h.  37  m. 


II  to  1809         1.1316 


to  1  767 
3 

1767 


1  995  I     0. 


0.7746 


5  001 


2  001 


fell  in  21  h.  30  m. 

to  1831  I     0.8498     I 

3     1 0.6780 


1831 
2  003 
2  071 
2  081 


0.8471 
0.8641 
0.8819 


1941  1.1358 

2  131  1.1551 

2  181  1.1686 

2  201  1.1981 

2  211  '     1.2356 


!     0.7576 

I 
2  081  I     0.9886      

Kesistance  fell  in  21  b.  39  m. 

to  1871  ,     0.98t 


1911        0.9904 


2  121  !     1.0496 
2  131  '    .1.0911 


0.8148 


2  131        1.1316 


Resistance  fell  in  9  h. 

tol997     I     1.2356      

3      1.1158 

! 
2001     j     1.3016      

2211     I     1.3326     ; 

2  231     i     1.3656     ' 

2237          1.3936      

3     : 1.1946 

2  241     ,     1.4441       

Resistance  fell  in  13  h.  50  m. 

to2041  1.4441     j 

1.2538 

2  041  1.4421 

2  241          1.4631 

2  281     .     1.4821 


1.5216 
1.5531 


2  301 
2  311 
3 
2  311  1.6160 

Resistance  fell  in  8  h. 
to  2  091     I     1.6166      ... 


1.6166     I. 


Load; 


pounds. 

Deflec- 
tion. 

Set. 

1.6466 
1.6996 
1.7321 

1.5196 

2  351 

2.0446 

Resistance  fell  in  16  h. 

|to2  135        2.0446       

3     1.844 

2  135  I     2.0431       

2.0646     i 

--  i 

2.1136      


2  355 
2  391 
2  411 
3 
2  411 


1.8 


la.  35] 


2.1451 
fell  ir 

92238  1     2.1451      

Gradually  reduced  strain. 

to  3*^ !     1.9266 

■■    I 
Gradually  increased  strain. 

to2238*'     2.1336     | 

2  411  j     2.1516 

2  491  i     2.1811 


2.2121 


2  501 
3 
2  501 

Resistance  fell  in  14  h,  10  m. 

0  2  295 

3 

2  295 

2  541 

2  561 


2.2456 
2.2762 
2.3102 


*  Gradually  reduced  strain  to  3  pounds,  taking  a  number  of  readings;  then  gradually 
increased  it  to  2  238  pounds,  taking  readings  corresponding  to  former  ones;  fouud  that  in- 
crease of  deflection  was  i^roportioual  to  increase  of  load. 
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No.  eiS.— {Concluded.) 


Pounds.     Deflec- 
tion. 


2  561   ;     2.35 
Resistance  fell  in  6  h.  18  m. 


Pounds.       Deflec- 
tion. 


Set. 


2  551       2.3782     I. 


2  571  '     2.3854     ! to  2  371 

I 

2591   j     2.4287     1 1,  3 

3  I '     2.1952      '  2  371 

I 

2  591  !     2.5044     i I  2  631 

Resistance  fell  in  15  li.  4  m.  ;  2  651 

102371       2.5044      -2661 

3  1 2.2842     j  3 

2371  '     2.5022     [ '  2  661 

I 


2  591  2.5247 
2  611  ;  2.5334 
2  631     I     2.5927 

3      1     2.3577 

2631     I     2.653        

Resistance  fell  in  8  h.  2  m. 

2.653       ' 

I 

i     2.4227 


2.6833 
2.6992 
2.7307 


Load. 
Pounds. 


Deflec- 
tion. 


.[     2.4987 


Resistance  fell  in  61  h.  32  : 


to  2  363 

2.8324 

1            , 

2  363 

2.8286 

2  685 

2.8627 

1     2  701 

2.871 

!     2  710 

2.8917 

2  720 

2.9297 

2  720 

2.9692 

Resistance  fell  in  5  h.  48  m. 

! 


to  2  483;     2.9692 

3  ! 2.7357 

Bar  removed :  test  ended. 


No.  649.     Tested  ix  Fairbanks'  Machine. 


Load. 

Deflection  . 

;  Load. 

Deflection  . 

Load. 

Deflection. 

Load. 

Deflection 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

103 

0.0139 

900 

0.0889 

1  462 

0.1505 

In2|  m 

.  was  0.3629 

200 

0.0238 

1000 

0.0982 

1  480 

0.1569 

1  620 

0.3704 

300 

0.0328 

1100 

0.1081 

1  500 

0.1619 

1  640 

0.3831 

405 

0.0425 

1200 

0.1171 

1  520 

0.1709 

In  6   m 

,  was  0.4404 

500 

0.0519 

1300 

0.1279 

1540 

0.1804 

1660 

0.4479 

600 

e.0602 

1400 

0.1398 

1560 

0.2078 

1  680  (6) 

0.4599 

700 

0.0689 

1420 

0.1435 

'    1580 

0.2429 

1 
1 



800 

0.0787 

1      1442 

0.1472 

1  1  600(a) 

0.2854 

2  350 

5.577 

(a)  At  1  600  iDOuuds  the  beam  sank  instantly;  ran  the  pressiire  screw  down  so  as  to  keep  the 
beam  balanced  for  2}  m.,  with  increase  of  deflection  as  noted.  (6)  At  1  680,  ran  pressure  screw 
rapidly  but  steadily  down,  moving  the  poise  along  the  beam  to  keep  it  balanced.  The  beam 
vibrated  up  and  down,  falling  c*  rising  instantly  as  the  wheel  was  turned  slower  or  faster. 
The  resistance  reached  a  maximum  of  2  350  pounds,  when  the  deflection  was  5  577  inches. 


No. 
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350.     Tested  by  Dead  Loads. 

Load; 
Pounds. 

Deflection; 
Inches. 

Load; 
Pounds. 

Deflection; 
Inches. 

Load; 
Pounds. 

Deflection; 
Inches. 

Load; 
Pounds. 

Deflection 
Inches. 

100 
200 

0.015 
0.0229      , 

400 
600 

0.0425 
0.0638 

800 
1200 

0.0858 
0.1456 

1  400 
1  500  (c) 

0.1749 
0.2143 

(c)  At  1  626,  the  reading  was  not  taken.  Weights  as  follows  were  rapidly  added,  4  or  5  pieces- 
each  minute,  as  follows:— 82,  25,  42,  15,  16,  10,  15.5,  16,  25,  25,  25,  13,  11.5,  16,  27,  62,  40.5,  61, 
45,  62  =  2  260.5  pounds.  The  bar  sank  rapidly,  its  side  pressure  splitting  the  wood  which 
confined  the  mandrels.  The  set,  measured  after  the  bar  was  removed,  was  2.5  inches.  The 
total  deflection  is  calculated  as  follows:— the  elasticity  of  the  bar  remaining  the  same  the  in- 
crease of  deflection  over  set  is  directly  proportional  to  the  load.  (This  is  shown  by  the  paral- 
lelism of  the  elasticity  lines  with  the  original  line  within  the  elastic  limit.)  Thus  at  800 
pounds,  the  set  was  inappreciable,  deflection  0.0858;  whence  800:  0.0858::  2  260:  0.242  differ- 
ence of  deflection  and  set:  set  was  2.5,  hence  calculated  deflection  2.742  inches. 


No.  651.     Tested  by  Dead  Loads. 


Load: 

Deflection; 

Load; 

Deflection  ; 

Load;  'Deflection; 

Load;    Deflection 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

! 

Inches. 

Pounds.      Inches. 

100 

0.0158 

In  oh.  46m.  In  0.6598 

In48h.30 

m.was  1.9245 

2  452 

3.0732 

200 

0.0275 

1700                    0.67 

2  222 

1.9379 

2  484 

3.0812 

400 

0.0489 

In  3  m.     was     0.6716' 

2  288 

2.1386, 

In  39h.40  m.  4.2591 

600 

0.0709 

••   16  h.      "        0.7615 

In   12   m. 

was    2.9535' 

In  43  h.  20  m.  4.2591 

803 

0  0913 

1800 

0.771 

2  266 

2.9928! 

2  513                 4.2623 

1000 

0.1141 

1900 

1.0904 

In   17   m. 

was  3.0157 

2  556     1            4.267 

1  200 

0.1394 

In  3  h.  15  m.  was  1.8567 

"  3  h.  37 

m.  "    3.0236 

In  4h.  20m.     4.2749 

1  400 

0.1701 

"45h.  45  m.    "  1.8709 

2  288 

3.029 

2  589     1            4.2749 

1500 

0.2465 

2  005                    1.8787 

2  350 

3.0426 

In48h.  was    4.6591 

In   8  m. 

was  0.4307 

In    3    h.    was     1.8819 

2  370 

3.0433 

In61h.30m"    4.6701 

1600 
In    6  m 

0.489 
was  0.6504 

2  052 
2  115 

1.8886 
1.8921 

In25h.l 
2  422 

5 

m.  was  3.0677 
3.0701 

Weights  reached 
support.       Test 
was  ended. 

The  strain-diagrams  exhibited  in  the  plate  do  not  present  to  the 
eye  one  of  the  most  important  distinctions  between  the  two  classes 
of  metals.  As  seen  by  study  of  these  diagrams,  both  classes,  when 
strained  by  flexure,  gradually  exhibit  less  and  less  effort  to  restore  them- 
selves to  their  original  form. 

In  the  case  of  the  tin-class,  this  loss  of  straightening  i^ower  seems 
often  to  continue  indefinitely,  and,  as  iu  one  example  here  illustrated, 
even  until  fracture  occurs. 


!13 


With  iron  and  the  class  of  which  that  metal  is  typical,  this  reduction- 
of  effort  becomes  gradually  less  and  less  rapid,  and  finally  reaches  a  limit 
after  attaining  which,  the  bar  is  found  to  have  become  strengthened,  and 
the  elastic  limit  to  have  l>ecome  elevated.  In  this  respect,  the  two  classes- 
are  affected  by  time  of  strain,  in  precisely  opposite  ways. 

The  plate  exhibits,  even  better  than  the  record,  the  superior  ultimate 
resistance  of  the  bars  which  have  been  intermittently  strained,  as  well  as 
the  elevation  of  the  elastic  limit.  This  parallelism  of  the  "elasticity 
lines  "  obtained  in  taking  sets,  shows  that  the  modulus  of  elasticity  is 
unaffected  by  the  causes  of  elevation  of  the  elastic  limit. 

Evidence  appealing  directly  to  the  senses  has  been  presented  in  the 
course  of  experiment  on  the  second  class  of  metals,  of  the  intra-molecular 
flow.  When  a  bar  of  tin  is  bent,  it  emits  while  bending  the  peculiar 
crackling  sound,  familiarly  known  as  the  "cry  of  tin.  "  This  sound  has 
not  been  obsei-ved  hitherto,  so  far  as  the  writer  is  aware,  when  a  bar  has 
been  held  flexed  and  perfectly  still.  In  several  cases  recently,  in  exper- 
iments on  flexure*  of  metals  of  the  second  class,  bars  held  at  a  constant 
deflection  have  emitted  such  sounds  hour  after  hour,  while  taking  set 
and  losing  their  power  of  restoration  of  shape. 

During  some  of  the  experiments  made,  a  very  marked  illustration  of 
the  decrease  of  set  with  time,  which  has  been  observed  and  described  by 
Prof.  W.  A.  Norton,  has  been  noted,  and  the  recovery  of  straightening 
power  in  the  deflected  bar  has  sometimes  been  strikingly  large,  amount- 
ing to  nearly  30  pounds  in  15  minutes.  A  record  of  one  of  these  bars  is, — 
Bar  No.  563, 

17 . 5  parts  copper,  82 . 5  parts  tin.    0 .  986  X  0 .  993  X  22  inches. 


Load; 

Inches. 

pounds. 

Deflec- 
tion. 

Set. 

10 

0.0027 
0.007 
0.0153 
0.0-256 
0.0365 
0.0499 

20 

40 

60 

80 

100 

5 

0.0092      : 

Load: 
pounds. 


Inches. 


Deflec- 
tion. 


140 
180 
200 


0.0804 
0.1343 
0.1666 

0.1798 
0.2503 
0.3762 


Load; 
pounds 


Deflec- 
tion. 


Set. 


0.4597     I 

0.3084 

Set   decreased    in    

2hr8.  20min.  0.2845 

toiSOO         0.5332     ' 

310      Bar  broke  inputting 
I    on  strain. 


Made  in  the  mechanical  Laboratory  of  the  Stevens  Institute  of  Technology, 
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I 

After  300  pounds  had  been  placed  on  the  bar,  and  the  reading  taken,  j 

the  screw  was  run  back  till  the  beam  just  balanced  at  5  pounds,   the  | 

j)ressure  block  attached  to  the  screw  just  barely  touching  the  bar.  The 
set  was  then  read,  as  above,  0.3084  inches,  the  beam  slowly  rising.  The 
pressure  screw  was  then  run  back  till  beam  again  balanced  at  5  pounds, 
and  the  set  measured  0.3022  inches.     The  time  was   2   minutes.     The  , 

"beam  again  rose,  poise  on  beam  was  pushed  forward  and  balanced  at 
10  pounds  ;  the  time  was  2  minutes.  In  2  minutes  more,  beam  balanced 
at  14  pounds.  The  pressure  screw  was  again  run  back  tiU  beam  balanced 
at  5  pounds  and  the  set  measured  0.0298  inches,  The  beam  rose  again: 
at  11  hours  37  minutes,  A.  M.  In  2  minutes  it  balanced  at  10  laounds,  in 
10  minutes  at  16  pounds,  and  in  29  minutes  at  23  pounds.  The  beam 
was  again  balanced  at  5  pounds,  set  measured  0.2902  inches.  The  beam 
Tose  in  4  minutes.  In  29  minutes  the  beam  balanced  at  14  pounds,  and 
in  65  minutes  more  it  balanced  at  20  pounds.  The  beam  was  again  bal- 
anced at  5  pounds  and  the  set  measured  0. 2845  inches.  The  total  decrease 
■of  set  in  2  hours  20  minutes  was  0.3084  —  0.2845  =  0.0239  inches.  Then 
replaced  300  i^ounds,  and  read  deflection  0.5332  inches  ;  increased  the 
pressure,  but  the  bar  broke  before  310  pounds  was  reached. 


Ekkata:, — On  page  7,  line  8  from  bottom,  for  "remit "  read  "re-unite"; 
page  10,  line  7  from  top,  for  "crevices"  read  "  crevasses";  page  17,  line 
8,  for  "1865"  read  "1862";  page  22,  line  5,  for  "Tausse"  read 
"Faiisse";   line  6,  for  "Racqpmci"  read  "Eaccourci". 

On  page  107,  line  4  from  bottom,  for  "  14  000  "  read  "  1  400  ". 
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CXXIV. 


ox  RAILROAD  ACCOUNTS  AND  RETURNS. 

A  Paper  by  WrLLiAM  P.  Shdstn,  Member  of  the  Society.. 
Presented  June  2d,  1876. 


In  the  rejiort  of  the  Eaili-oad  Commissioners  of  Massachusetts  for 
1875  as  well  as  in  previous  reports,  special  and  needed  mention  is  made 
of  the  great  defects  in  the  keeping  of  accounts  by  raih'oad  companies, 
and  of  the  total  want  of  reliability  of  returns  based  on  accounts  so  mis- 
ceUaueously  kept. 

Having  had  a  large  experience  in  railroad  accounts,  and  from  a  per- 
sonal investigation  of  the  affairs  of  many  railroad  companies,  having 
learned  that  lack  of  any  system  of  accounts  worthy  of  the  name  is  the 
rule,  and  its  existence  the  exception  (particularly  on  the  old  and  long 
estabUshed  roads),  I  beg  to  offer  the  following  suggestions. 

As  to  Accounts^ihej  being  the  basis  from  which  returns  are  to  be 
made,  and  the  returns  being  worthless  unless  accounts  are  correctly 
kept,  it  would  seem  to  logically  foUow,  that  if  the  State  is  authorized  to 
require  returns,  and  does  require  them,  it  should  also  require  that  cer- 
tain general  i^rinciples  should  be  observed  in  keeping  the  accounts  from 
which  retiu'ns  are  to  be  made,  and  on  the  correctness  of  which  returns 
depend. 
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I  suggest  as  proper  requirements  in  tlie  keeping  of  accounts  that— 
1°.  Earnings  should  be  shown  and  rej)orted  rather  than  receipts,  as  a 
large  joroportion  of  each  month's  "earnings"  only  become  "receipts" 
in  the  following  months. 

2°.  Expenses  should  include  all  liabilities  incurred  for  services  rendered 
and  materials  used  in  the  current  month,  and  other  liabiUties  liquidated 
in  amount,  regardless  of  when  they  are  paid  or  jiayable. 

3°.  Maintenance  should  include  the  cost  of  labor  and  materials  ex- 
pended, such  as  may  be  necessary  to  make  and  keep  the  track,  machinery 
and  structures  "  as  good  as  new,"  less  the  market  value  of  old  materials 
released  from  use. 

4°.  Construction  should  include  only  actual  addition  in  extent  to  tracks 
and  structures,  real  estate,  &c. 

5°.  Equipment  should  include  only  actual  additions  in  number  to 
engines,  coaches,  cars,  &c.,  the  original  number  being  kept  filled  by  re- 
building, &c. 

6°.  Betterments  should  consist  of  the  actual  difference  iu  value, 
between  improi^ed  track,  structures  or  equipment  and  the  cost  of  replac- 
ing those  worn  out,  with  others  of  same  quality  as  were  originally  con- 
structed— such  as  steel  rails  in  place  of  iron,  brick  or  stone  buildings  in 
lieu  of  wood,  &c. 

7°.  Liabilities  should  include  all  expenses  incurred  and  construction, 
betterment  and  interest  liabilities,  which  may  be  unpaid  at  date  of 
report. 

8°.  Assets  should  include  all  earnings  or  income  earned,  but  not 
collected  or  become  receipts  at  date  of  report. 

9°.  Interest  should  include  all  interest  due  or  past  due,  whether  paid 
or  unpaid  at  date  of  rei^ort. 

10°.  Cost  of  operating  should  be  made  up  from  expenses  and  exclusive 
of  all  betterment  expenditure. 

Accounts  so  kept,  and  in  which  the  companies  were  required  to  report 
the  specific  tracks,  structures,  &c.,  charged  to  construction  and  equip- 
ment, and  the  items  for  which  betterments  were  charged,  would  be  in- 
capable of  manipulation  in  the  manner  and  to  the  extent  set  forth  in  the 
Massachusetts  report,  and  returns  based  thereon  would  give  a  volume  of 
information  now  sought  for  in  vain  in  State  reports.  The  system  for 
keeping  them  is  now  in  operation  on  several  leading  lines  in  the  "West, 
and  it  is  as  simple  as  it  is  comprehensive. 
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As  to  returns — tlie  careful  investigator  into  railroad  economy  will 
look  in  vain  tlirongli  all  tlie  volumes  of  State  reports  to  find  data  upon 
whicli  to  base  any  calculations  as  to  actual  cost  of  traffic  or  the  economy 
or  otherwise  of  its  transportation,  for  the  following  (as  well  as  other) 
reasons,  viz. : 

Most  railroads  have  a  traffic  largely  preponderating  in  one  direction 
— much  of  the  traffic  transported  in  that  direction  must  pay  (if  it  is  to 
realize  a  profit)  not  only  the  cost  of  its  transportation,  but  also  that  of 
returning  an  emjity  car. 

Nothing  bearing  upon  this  fact  appears  in  any  of  the  State  reports,  so 
far  as  I  am  aware,  and  nothing  is  more  absolutely  necessary  to  a  correct 
understanding  of  the  business  of  a  raih-oad  and  of  the  economy  with 
which  its  traffic  is  moved. 

I  therefore  suggest  as  additional  items  to  be  embraced  in  the  returns  : 

1.  Mileage   of  loaded  cars   in   each  direction. 

2.  "  "    empty       "       "       "  " 

3.  Ton  mileage  of  freight       "      "  " 

4.  "  "  "         passing  over  whole  road  in  each  direction. 

5.  Earnings  from  freight  in  each  direction. 

6.  Earnings  from  passengers  in  each  direction. 

7.  Passenger  mileage  "      "         " 

8.  Terminal  expense  chargeable  to  freight. 

9.  "  "  "  passengers. 

The  above  are  the  most  important  items  of  information  omitted, 
although  there  are  others  which  would  be  desirable,  but  not  so  abso- 
lutely necessary. 

But  the  requirements  and  forms  of  returns  do  not  agree  in  any  two 
States,  and  this  fact,  while  it  baffles  the  investigator  who  seeks  to  com- 
pare the  results  of  operating  roads  located  in  different  States,  also 
causes  railroad  companies  whose  roads  extend  through  or  into  several 
States  much  trouble  in  rendering  their  returns,  particularly  as  they  are 
required  to  be  rendered  to  different  dates,  thus  :  Ohio  report  is  to  June 
30th  ;  Pennsylvania  report  is  to  November  1st ;  Illinois,  New  York  and 
Massachusetts  each  to  September  30th. 

Most  raikoad  companies  end  their  fiscal  year  at  December  31st,  but 
as  Legislatures  generally  meet  in  December  or  January,  returns  cannot 
be  made  to  December  31st,  tabulated,  and  rejjorts  prepared  in  time  to 
lay  before  the  Legislature,  hence  the  diversity  in  dates. 
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As  railroad  companies  require  two  months  at  least  to  close  tlieir 
accounts  and  make  up  their  returns,  and  should  have  three,  the  most 
satisfactory  date  to  which  returns  should  be  made  would  be  June  30th, 
giving  the  companies  until  October  1st  to  make  them,  then  the  commis- 
sioner or  other  State  officer  would  have  two  to  three  months  before  the 
Legislatm-e  meets,  in  which  to  tabidate,  review  and  digest. 

That  these  reforms  would  meet  the  views  of  the  accounting  oflBcers  of 
the  railroad  companies,  I  fully  believe,  and  to  accomplish  them,  co- 
operation between  the  various  State  Commissioners  is  required. 

To  bring  this  about,  I  would  suggest  the  appointment  of  a  committee 
of  the  Society  on  "  uniform  Accounts  and  Returns  of  raih'oad  companies  - 
to  State  Commissioners,"  with  authority  to  correspond  with  the  Commis- 
sioners of  the  several  States,  and  to  arrange  for  a  meeting  with  them  to 
consider  the  steps  necessary  to  the  adoption  of  this  desirable  improve- 
ment. 

I  have  before  taken  occasion  to  state  to  the  Society,  and  I  now  repeat 
it  as  my  view,  that  the  railroad  comi^anies  of  the  country  may  be  relied 
on  to  give  to  the  peoi)le  of  the  country  the  advantage  in  lower  rates  of 
transportation,  of  all  improvements  made  and  economies  effected,  and  it 
is  to  investigations  scientifically  made  on  data  known  to  be  reliable  that 
we  are  to  look  for  such  imjirovements  and  economies,  hence  the  import- 
ance of  establishing  the  State  returns  on  a  correct  basis. 


Ekkata  : — On  page  168,  bottom  Hue,  for  ";^"  read  "5,"  and  next 
line  above,  for  "  ^; "  read  "  5  ";  i^age  169,  line  4  from  top,  for  "  y  "  read 
"<5";  page  178,  line  7  from  bottom,  insert  "feet"  after  "post";  and 
page  185,  line  i  from  bottom,  for  "  shape"  read  "  shops." 
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ON  THE  THEOKY  OF  CONTINUOUS  GIRDEKS 

IN  RELATION  TO  ECONOMY  IN  BRIDGE  BUILDING.* 

Mk.  Clemens  Hekschel. — In  a  paper  on  swing  or  draw  bridges  f 
which  I  presented  to  the  Society  in  September,  1874,  I  agreed  to  the  gen- 
eral conchision  of  the  paper  now  under  discussion — that  it  is  inexpedient 
to  build  continuous  fixed  spans.  The  motto  of  my  paper,  giving  the  fac- 
tors which  make  up  a  reliable  investigation,  leads  the  way  to  latter  state- 
ments in  the  same  paper,  that  these  factors  have  not  been  employed  in 
investigating  this  subject.  If,  after  arriving  at  this  conclusion,  I  then 
submitted^  an  application  of  the  theory  of  the  elastic  line,  with  new 
developments,  and  some  easy  and  simple  methods  of  practical  use,  it  was, 
because  that  as  yet  there  is  nothing  better  for  the  calculation  of  strains 
in  continuous  swing  bridges.  Grant  that  in  certain  cases  of  load,  or  de- 
formation of  girder,  strains  computed  by  this  method  are  10  per  cent,  in 
error,  what  better  can  be  done;  in  my  judgment,  the  paper  under  discus- 
sion affords  no  relief. 

EefeiTiug  to  page  193,  to  me,  it  seems  rash  and  impracticable  to  con- 
.struct  a  swing  bridge  of  any  size  as  there  sketched  ;  such  a  bridge  would 
be  in  unstable  equilibrium  if  symmetrically  loaded — the  most  favorable 
case — and  if  unsymmetrically  loaded,  it  would  come  to  grief.  However, 
I  think  the  solution  of  the  difficulty  lies  in  the  direction  of  the  sugges- 

*  Referring  to— CXXII,  Application  of  the  Theory  of  Continuous  Girders  to  Economy  in 
Bridge  Buildiug;  G.  Bender,  page  147. 

t  CV,  OnthePrinciplesof  the  Coustructiou  of  Revolving  Draw  Bridges.  Vol.  Ill,  page  395. 
t  Vol.  in,  page  395. 
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tioii  there  made  by  the  -writer.  Continuous  bridges,  built  with  hiuges, 
"will  escape  the  uncertainties  caused  by  defects  of  theory  and  by  ine- 
quality of  heights  of  support  ;*  continuous  girders  and  elastic  arches, 
can  both  be  constructed  so  as  not  to  be  affected  by  tlie  circumstances 
inherent  to  an  application  of  the  theory  of  the  elastic  line. 

I  care  little  about  priority  in  matters  of  science ;  often  the  same  thing 
is  invented  at  one  or  at  different  times  by  several  persons;  but  as  I  have 
publicly  claimed  to  have  made  some  improvements  in  the  consideration 
of  continuous  girdei's,  a  few  words  on  that,  may  not  be  out  of  place.  In 
these  matters,  to  print  or  publicly  describe  the  novelty  claimed,  fixes 
the  date  of  its  invention.  Will  the  writer  state,  where  the  apparatus 
mentioned  on  page  163  was  described,  or  where  an  account  of  the 
mounting  of  the  Silesian  Bridge  is  given  ?  I  have  looked  in  vain 
in  English,  German  or  French  books  and  journals  for  anything  of 
the  sort.  Since  my  paper  was  Avritten,  I  have  seen  an  account  of  the 
actual  weighing  off  of  reactions  of  continuous  model  beams.  Referring 
to  what  is  said  of  Prof.  Sternberg,!  although  I  was  instructed  by  him  for 
three  years,  I  know  that  in  1861  he  did  not  teach  what  with  much  labor 
I  evolved  from  the  unexplored  regions  of  common  sense  and  science  in 
1874 

The  calculations  of  strains  in  draw  bridges  are  not  more  complicated, 
delusive  or  untrustworthy  than  those  for  properly  constructed  con- 
tinuous fixed  bridges,  and  further,  one  of  the  greatest  uncertainties 
in  the  calculation  of  continuous  fixed  bridges,  the  effect  produced  by  an 
uncertain  settlement  of  the'  points  of  support,  is  in  the  case  of  draw 
bridges,  when  properly  constructed,  entirely  removed;  I  have  treated  this 
matter  fully  in  my  paper,  and  will  here  only  remark  that  should  any  of 
the  three  ox  four  j)oints  of  support  settle  or  raise,  it  requires  but  an  ad- 
justment of  the  end  supports,  to  bring  all  of  them  to  the  same  relative 
position  again.J  Hejice  it  is  only  the  strains  due  to  the  moving  load 
about  which  there  can  be  the  slightest  doubt,  under  so  far  accepted 
methods  of  calculation. 

The  great  and  unnect3ssary  complication,  spoken  of  in  this  paper, 
does  not  appear  to  me.  I  know  a  case  where  the  strain  sheet  for  a  draw 
was  furnished  for  $4:0  ;  this  is  a  good  test  of  the  comj^licity,  though  the 

*That  thereby  they  escape  the  iincertaiuty  of  strain,  caused  by  iuequality  of  moduli,  by 
several  systems  of  diagonals,  and  (with  a  single  exception)  the  additional  strains  due  to  unequal 
heating  of  the  chords,  I  must  deny;  simple  fixed  girders,  whether  link  or  ri vetted,  are 
affected  by  all  of  these  causes.        t  Page  102. 

t  It  may  be  mentioned,  draw  bridges  can  always  be  so  arranged,  that  when  unloaded,  their 
whole  weight  rests  only  on  the  centre  pier. 
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case  was  exceptional,  being  a  second  calculation,  made  on  account  of 
changes  in  the  general  shape,  panel  lengths,  etc. 

I  have  said,  the  effect  of  an  unequal  expansion  of  the  two  chords, 
from  diflference  in  the  moduli  of  the  several  members  of  the  bridge  and 
from  several  systems  of  diagonals,  is  felt  by  single  fixed  spans  also  ;  is 
it  true  that  a  fixed  bridge  will  remain  unaffected  by  difference  of  temper- 
ature in  the  two  chords?  A  bridge,  with  two  or  more  panel  systems, 
however,  will  have  its  strains  disturbed,  but  it  is  a  small  matter  and  is 
felt  less  by  a  single  than  by  continuous  spans.  I  admit,  that  the  effect 
of  different  moduli  of  the  several  members  of  a  bridge,  is  the  old  ques- 
tion, in  another  shape,  of  whether  it  is  advisable  to  have  cast  and 
wrought  iron  in  one  and  the  same  structure,  and  the  query  arises,  why 
cast  iron  and  Avrought  iron  are  not  worse  than  two  varying  specimens  of 
wrought  iron  ?  We  always  try  to  get  materials  in  a  structure,  of  as  uni- 
form a  quality  as  we  can,  and  that  seems  to  be  all  that  can  be  practically 
done  in  the  matter.  No  harm,  on  account  of  varying  moduli,  has  yet 
resulted  anywhere,  that  I  am  aware  of.  The  greatest  weight  is  to  be  laid 
upon  the  behavior  of  a  structure  during  25  or  30  years  of  use  ;  here  we 
have  the  experim.entum  crucis,  besides  which  all  other  experiments  sink 
into  insignificance. 

In  the  case  of  two  or  more  panel  systems,  if  more  than  one  diagonal 
reaches  the  point  of  support,  the  distribution  of  the  reaction  must  neces- 
sarily be  indeterminate  between  these  several  diagonals.  I  could  quote 
from  text  books,  that  it  is  only  an  allowable  assumption  to  calculate  such 
bridges,  by  first  resolving  the  web  into  its  primary  systems  and  taking 
up  each  one  separately  ;  there  must  be  some  indeterminateness  in  all  such 
bridges,  but  it  is  so  small  that,  to  my  mind,  it  may  be  neglected  in  the 
case  of  continuous  bridges,  as  well  as  in  fixed  spans.  I  have  mentioned 
these  points,  nob  for  the  value  they  have  in  actual  practice,  but  because 
it  seems  to  me  that  they  belong,  if  anywhere,  to  a  consideration  of  all 
bridges,  and  not  in  an  arraignment  of  continuous  bridges  alone. 

I  must  take  exception  to  a  bit  of  iconoclasm,*  Avhereby  Leonard 
Euler  is  made  the  father  of  the  general  theory  of  the  elastic  line,  thus 
displacing  Navier  from  the  place  generally  ascribed  to  him.  If  we  are 
to  go  back  to  the  beginning  of  things,  why  not  Bernouilli,  in  1705,  or 
Mariotte,  in  1680,  instead  of  Euler ;  and  if  the  first  writing  out  of  the 
present  theory  of  the  elastic  line  is  to  decide,  I  would  propose  Eytelwein 
instead  of  Navier.     The  paper  upon  which  Euler's  fame  as  a  writer  on 
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continuous  elasticity  seems  to  depend,  is  in  Transactions*  of  the  Peters- 
burgh  Academy,  1773.  Eytelwein,  in  Transactions!  of  the  Berlin  Acad- 
emy, 1804-11,  read  January  10,  1805,  expressly  says,  that  neither  Euler 
nor  D'Alembert,  who  had  written  on  the  subject,  have  succeeded  in  de- 
termining the  pressure  which  a  beam,  resting  on  more  than  two  supports, 
produces  on  these  several  supports,  and  then  he  goes  on  and  does  it, 
giving  the  now  generally  accepted  fundamental  equation  for  determining 
these  pressures  and  other  results  of  the  problem  and  makes  experiments 
on  deflection,  &c.  which  prove  that  he  is  about  right.  If  Navier  is  to  be 
displaced  from  the  high  position  he  has  held  in  this  connection,  I  think 
it  should  be  in  favor  of  that  German — Navier  and  D'Aubisson  com- 
bined, who  wrote  some  20  years  before  Navier — the  well  known  Eytel- 
wein. Again,  why  Bertot  instead  of  Clapeyron?  It  is  true  that  Bertot 
first  developed  a  part  of  the  theorem  ascribed  to  Clapeyron  ;  neverthe- 
less, the  labors  of  the  latter  were  not  without  novelty,  the  so-called  Clap- 
ejronian  numbers,  for  example  ;  he  first  applied  the  method  known  by 
his  name,  to  the  calculation  of  a  bridge,  and  to  this  day  receives  among 
all  writers  in  France,  the  credit  of  the  improved  method  of  calculating 
continuous  girders,  where  they  ought  to  be,  if  they  are  not,  well  ac- 
quainted with  the  facts,  no  less  than  elsewhere. 

As  was  said  at  the  outset,  I  agree  perfectly  with  the  writer  of  the 
paper  that  it  is  inexpedient  at  this  stage  of  our  knowledge  upon  bridge 
building,  to  construct  continuous  fixed  bridges;  but  I  do  not  agree  with 
him,  that  a  continuous  draw  bridge  is  an  entirely  worthless  afitair;  until 
somebody  invents  something  better,  we  must  go  on  and  build  them  as 
well  as  we  know  how. 

Other  j)oints  of  disagreement  have  been  discussed  above;  the  mathe- 
matical part  of  the  paper,  a  n(nv  method  of  calculating  continuous  gir- 
ders, I  have  not  examined,  with  the  care  it  demands,  in  order  to  express 
opinion  upon  it.  However,  the  comijarison  of  two  fixed  and  two  contin- 
uous spans  of  a  certain  length  does  not  necessarily  tend  to  correct  re- 
sults. With  a  change  in  the  proportion  of  dead  to  moving  weight,  an 
entirely  different  result  may  be  arrived  at. 

Mr.  A.  Jay  Du  Bois. — In  order  to  determine  the  actual  strains  either 
in  a  "  simple  "  or  continuous  girder  we  need  only  to  calculate  the  move- 
ments and  reactions  of  the  supports  and  then  the  strains  may  be  found 
correctly.  So  it  comes  down  to  that  which  can  be  very  easily  tested  by 
experiment.  We  have  formuLe  for  movements  and  reactions  for  any 
number  of  suj^ports  and  lengths  of  spans.     Are  they  correct,  or  are  they 

*  Page  280.        t  Pages  28-64. 
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in  practice  sufficiently  correct  ?  This  is  easily  decided  by  a  few  experi- 
ments. If  found  correct,  it  seems  to  me  the  theoretical  part  of  the  ques- 
tion is  easily  disposed  of.  Other  things  being  equal,  we  can  properly 
take  the  results  for  two  similar  cases  and  compare  them.  These  results 
hold  good  at  least  for  other  spans  of  same  length  and  dimensions. 
Such  comparison  shows  a  theoretical  gain  of  30  per  cent,  and  over,  for 
the  continuous  girder.  Of  coiu'se,  it  is  not  claimed  that  the  continuous 
girder  is  in  all  cases  to  be  preferred,  but  only  that  in  some  cases,  theory 
indicates  a  decided  gain.  Now  then,  e-\ddently  the  first  thing  is  to  decide 
by  experiment  how  much  confidence  we  may  place  in  our  theoretical  re- 
sults. This,  as  we  have  said,  is  easily  done.  We  have  only  to  test  the 
reactions  as  given  by  formulae.  The  reactions  deduced  from  theory  of  flex- 
ure for  beams  fixed  at  one  end  and  supported  at  the  other,  &c.  as  given 
in  text  books,  are  found  to  be  practically  correct.  The  same  theory  ap- 
plies to  the  continuous  girder,  and  if  the  reactions  are  correctly  given  the 
strains  admit  of  no  question. 

Admitting  now  the  theoretical  gain,  the  question  practically  is,  how 
much  of  that  gain  can  we  actually  realize  ?  Upon  this  it  seems  to  me 
that  the  whole  question  turns,  and  who  without  trying  can  decide  how 
much  of  this  gain  can  be  utilized  and  how  much  must  be  lost?  Who  can 
pretend,  without  actually  trying,  to  estimate  the  precise  amount  which 
should  be  deducted  from  this  gain?  These  are  questions  which  can  be 
answered  only  by  intelligent  and  progressive  practice.  Difficulties  sug- 
gest themselves  to  almost  every  project.  A  tried  and  universally  ac- 
cepted theory  points  to  certain  conclusions.  Would  it  not  be  well  to  try 
how  nearly  the  conclusions  of  theory  hold  true  in  practice  before  decid- 
ing this  question. 

We  do  not  need  to  ascertain  the  actual  vahie  of  the  deflection  in  order 
to  know  what  the  reactions  are.  Tlie  writer  makes  of  this  a  strong  point, 
but  as  a  matter  of  fact  it  matters  not  how  near  absolutely  we  can  calcu- 
late the  deflection.  The  results  of  theory  are  based  upon  relative  not 
actual  values  of  the  deflection.  But  even  if  it  were  not,  it  by  no  means 
follows  that  the  same  proportionate  error  is  made  in  the  reactions  as  in 
the  deflection.  It  is  upon  the  flrst  that  our  calculation  depends,  and  an 
error  even  of  90  per  cent,  in  the  second  jjroves  necessarily  nothing.  In 
reality,  the  actual  deflection  is  not  considered,  and  it  is  a  matter  of  perfect 
indifference  whether  we  can  calculate  it  correctly  or  not. 

Again,  the  greater  the  number  of  Susans,  the  more  marked  the  influ- 
ence of  continuity.  In  the  example  given  in  the  jaaper  we  have  two 
end  spans  only,  and  more  than  half  the  benefit  of  continuity  is  lost.     For 
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the  same  length  of  span  (200  feet),  fixecT.  horizontally  at  the  ends,  the  sav- 
ing as  indicated  by  theory  is  50  per  cent.  This  is  evidently  the  limit  of 
saving  for  that  span,  since  the  more  spans  the  nearer  it  approaches  to 
fixity  at  the  ends,  and  such  a  result  is  worth  a  little  serious  consideration 
at  the  hands  of  the  practical  engineer.  The  comparison  is  scarcely  then  a 
fair  one.  If  we  conceive  a  beam  continuous  over  a  number  of  supports, 
and  then  suppose  the  same  beam  cut  in  two  over  each  support,  there  would, 
I  think,  be  little  question  as  to  which  is  the  strongest  and  stiffest.  If  I  un- 
derstand the  conclusions  of  the  writer,  he  would  give  the  preference  to  the 
Sicond  construction. 

The  whole  question  resolves  itself  into  this :  theory  indicates  a 
decided  gain  ;  ought  we  to  test  this  by  actual  trial  or  hastily  decide 
that  theory  is  at  fault  and  there  is  no  use  trying  ;  especially  when 
the  theory  is  a  well  received  one,  and  one  which  has  thus  far  been 
found  practically  valuable,  and  when  the  indicated  gain  is  an  exceed- 
ingly large  one,  and  when  finally  we  risk  nothing  by  trial.  It  seems  to 
me  that  the  continuous  girder  has  its  proper  i^lace  among  bridge  sys- 
tems, and  that  in  its  place  it  is  superior  to  the  simj^le  girder. 

The  closing  suggestion  that  continuous  girders  should  be  built  with 
hinges,  reminds  me  of  Alexander  the  Great's  solution  of  the  Gordian 
knot.  If  the  chords  are  cut,  continuity  is  destroyed  and  the  advantages 
of  continuity  lost.  It  makes  no  difference  where  the  hinges  are  inserted, 
whether  at  the  ends  as  in  simple  girders,  or  at  points  of  inflection  ;  in  any 
case  you  lose  the  advantage  of  continuity. 

Mr.  CHABiiES  Bender. — With  a  desire  to  bring  about  a  fair  discussion 
of  the  subject  of  continuous  girders,  I  laid  before  the  Society,  the  result 
of  studies  beginning  in  18G7  and  extending  over  four  years.  What  I 
thought  worth  while  to  thus  present  has  been  as  carefully  worked  out  as 
was  possible  for  me.  The  result  of  these  studies  was  previously  com- 
municated to  the  Society  of  German  Engineers  of  Berlin  during  the 
summer  of  1870,  which,  however,  was  not  fully  jprinted  until  1873.* 
Since  1872,  it  was  my  intention  to  bring  before  the  Society  the  suli- 
ject  of  continuous  girders,  but  I  only  found  time  this  year  so  to  do. 

The  views  briefly  laid  down  in  the  two  articles,  referred  to  the  use  of 
scales  in  adjusting  the  reactions  of  continuous  girders,  the  importance  of 
considering  the  deflections  due  to  the  webs  of  continuous  girders,  and 
especially  to  the  impossibility  of  counting  on  a  constant  modulus  of  elas- 
ticity.    In  each,  it  was  also  stated  that  the  expectation  of  economy  from 

*  The  same,  in  an  EngUsk  translation  was  publisliedin  the  Railroad  Gazette  of  New  York, 
in  1874. 
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c'ontiimous  skeleton  structures  is  cliimerieal  for  railroad  spans  even  as 
large  as  400  feet.  These  ante-date  Mr.  Herseliel's  paper  on  "  Eevolving 
DraAV -Bridges,"  and  expressed  in  1870  nearly  the  contrary  of  what  he 
in  1S75,  held  to  be  j)roper  prineixjles. 

In  the  consideration  of  this  subject,  there  are  three  phases  through 
which  an  engineer  must  i^ass.  The  scholar  just  from  school  admires 
continuous  girders  unconditionally  and  believes  in  savings  of  from  30  to 
50  per  cent.  The  next  period  is  that  of  one  who  thinks  the  theory  might 
conditionally  be  made  useful  by  im^jroving  continuous  girders.  This 
standpoint  w^as  occupied  by  me  from  1866  to  1870,  when  I  Avorked  out  a 
paper*  recommending  the  ube  of  j)in  joints  and  of  hydraulic  scales 
for  regulation  of  reactions,  and  introducing  the  correction  of  the  theory 
due  to  the  web  systems.  But  in  1870,  I  was  obliged  to  give  up  this  posi- 
tion. The  third  phase  is  the  one  which  I  have  laid  out  in  the  paper  now 
under  discussion.  Having,  since  1870,  fully  recognized  the  valuable 
features  in  economy  and  as  to  science  of  the  better  class  of  American 
structures,  I  totally  abandoned  the  hope  of  attaining  advantages  by  adop- 
tion of  the  i^rinciple  of  continuity,  unless  according  to  Koejike's  inven- 
tion, for  very  large  spans  (of  limited  depth)  the  principle  of  hinges  was 
introduced,  which  would  exclude  from  the  calculation  all  those  uncer- 
tainties  dwelled  on,  in  my  paper. 

The  first  step  which  I  took  (in  1867)  tow^ards  realizing  the  ideaf  of 
weighing  the  reactions,  was  to  place  on  one  or  more  piers,  systems  of 
springs,  which  having  been  previously  tested  and  nlade  adjustable  would 
by  their  deflections  permit  the  reactions  to  be  adjusted  and  measured  as. 
closely  as  required  by  practice;  also  by  their  deflections  the  moments 
under  a  moving  load  would  be  reduced.  J  Having  foiind  in  the  same 
year,  that  neither  by  this  method  nor  by  mere  lowering  of  center  bearings 
a  saving  can  be  secured,  I  turned  my  attention  toward  a  cheap  apparatus 
on  the  princii^le  of  the  hydraulic  press  combined  with  weighing  levers, 
w^hich,  designed  in  detail,  was  submitted  to  Prof.  Sternberg  for  his 
opinion  ;  he  approved  of  it  in  general  terms,  but  added  that  the  j^lan 
had  ah-eady  been  carried  out  on  a  bridge  in  Silesia.?  Continuous  gir- 
ders in  North  Germany  having  lost  most  of  their  charms,  experiments 
in  this  direction,  from  which  some  here  still  expect  great  success,  were 
with  good  reason,  not  continued. 

*  Which  was  then  submitted  to  Mr.  C.  Shaler  Smith,  Member  of  the  Society, 
t  The  mere  idea  is  old,  and  was  given  in  the  lectures  of  Prof.  Sternberg. 
t  This  idea  at  one  time  I  held  to  be  so  valuable  that  I  ijrejjared  a  drawing  towards  having 
it  patented  ;  this  with  signatures  of  witnesses  is  still  in  my  possession, 
§  His  letter  was  received  iu  1870. 
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Continuous  girders  have  been  unfavorably  criticised  by  early  writers 
hecsiuse—jirst,  of  the  uncertainty  of  the  heights  of  support  and  conse- 
quently of  moments  and  shearing  forces  ;  second,  of  the  great  change  of 
pressure  and  tension  in  one  and  the  same  members  ;  thh-il,  the  unrelia- 
bility of  the  supposition  of  a  constant  value  of  modulus.  * 

The  shortcomings  of  the  theory  are  believed  to  have  been  laroved  by 
me.  Firsl,  the  modulus  by  other  writers  supposed  to  be  a  constant 
value,  or  nearly  a  constant  value,  is  a  very  indefinite  quantity  ;t  second, 
the  common  theory  of  continuous  beams  cannot  be  applied  to  deep 
skeleton  structures  without  considering  the  compressions  of  posts  and 
the  extensions  of  the  ties  of  the  webs  ;%  third,  unequal  heating  of  chords 
and  strains  in  some  points,  of  over  50  jjer  cent,  of  those  calciilated  under 
the  usual  theory  ;§  fourth,  in  case  of  two  systems  of  diagonals  and  posts 
in  a  continuous  girder  none  of  the  strains  can  be  calculated,  they  can  only 
be  guessed  at  ;  fifth,,  the  members  of  continuous  girders  suffering  pres- 
sure as  well  as  tension,  must  be  i^roportioned  to  carry  the  sum  of  both, 
but  not  only  the  maximum  thereof  ;  sixth,  continuous  girders  (up  to  400  ■ 
feet  railroad  spans,  at  least)  if  properly  designed,  do  not  give  any  econ- 
omy over  single  spans  of  proper  proportions;  because — {a),  continuous 
trusses  require  heavier  webs  than  single  sjDan  trusses  (as  far  as  known,  fli'st 
mentioned,  but  not  sufficiently  aijpreciated,  by  Prof.  Kulmanin  Zurich:** 
(6),  continuous  girders  require  the  use  of  a  class  of  masonry  which  is 
more  costly  than  would  be  necessary  for  single  spans  ;tt  and  (c),  continuous 
trusses  require  more  careful  workmanship  than  do  single  spans,  and  roll- 
ing them  over  the  piers  is  no  longer  the  preferred  best  method  of  putting 
them  up.JJ 

The  paper  on  "  Revolving  Draw-Bridges,"  to  which  reference  has  been 
made§§  substantially  jjresents  the  theory  and  enumerates  the  faults  of 
continuous  girders,  as  generally  found  in  text-books.  It  has  been 
worked  out  Avith  great  care,  and  I  admit  that  the  writer  has  almost  ex- 
hausted the  ai^ijlieation  of  the  usual  theory  to  the  subject.  TJie  subject 
of  draw  bridges,  however,  was  treated  in  substantially  the  same  manner 
by  Prof.  Steinberg  in  1857,  in  his  lectures  (without  algebraical  ballast)  ; 
it  was  again  shortly  treated  by  Messrs.  Chanute  and  Morison  in  their 

*  This  was  mentioned  as  a  disturbing  element  in  the  theory  of  continuity  by  Mr.  Baker,  of 
London,  at  the  same  time  as  done  so  by  me,  (1870).        t  Pages  15G-1G1. 

+  Paper  in  Railroad  Gazette,  187i;  also  page  198.        g  Pages  1C3,  186,  188. 

**  His  Graphical  Statics,  18GG,  page  542.        tt  Pages  163,  191. 

Xt  Keport  of  the  Northeast  R.  R.  of  Switzerland,  page  29,  shown  at  Philadelphia  Exhibition. 

g§  CV.  On  the  Principles  of  Construction  of  revolving  Draw  Rridges,  C.  Herschel,  Vol. 
IV.,  page  395. 
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wovk  oil  tlio  Kuiisas  City  Bridge,  and  was  developed  in  regard  to  draw 
bridges  just  touching  the  supports  when  unloaded,  by  another  Member 
of  the  Society,  Mr.  C.  Shaler  Smith.  These  theories  were  applied  before 
the  appearance  of  the  paper  referred  to,  in  cpiite  a  number  of  well- 
designed  and  well-working  draw  bridges  in  this  country,  of  such  Imge 
dimensions  as  cannot  be  seen  elsewhere. 

I  will  now  briefly  refute  the  objections  made  to  conclusions  arrived 
at  in  my  paper. 

l'-\  A  swing  bridge  with  two  middle  posts,  but  without  diagonals  be- 
tween them,  when  in  position,  operates  as  a  continuous  girder  in  fully 
stable  equililirium.  The  bridge  rests  on  four  sui^ports.  A,  B,  C,  D. 
Any  uusymmetrical  load,  P,  is  taken 

JXI><l><G><MXIXIXI>go    -P  ^>y  «-  Pi--'S  A  and  B.     The  reac- 
'" tious  at  A  and  B,  of  course  are  modi- 
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tied  by  the  principle  of  continuity,  but 
their  sum  is  equal  to  P.  The  continuity  calls  forth  a  force— ^y,  neu- 
tralized by  a  force  -f  r/  at  C.  The  couple  —  >],  +  Q  creates  the  mo- 
ment which  brings  tension  in  the  chord  EF,  and  presses  into  BC.  Now, 
if  there  are  applied  no  diagonals,  UC,  BF,  Avhether  the  supports  B  and 
C  be  elastic  or  non-elastic,  the  bearings  B  and  C  must  take  up  (P — p) 
and  +  q,  and  since  there  is  no  shearing  force  in  the  trusses  between  BE 
and  CF,  no  diagonal  is  required  Avhen  the  draw  bridge  is  in  position. 

Since  farther,  the  table  is  always  elastic  or  moveable,  more  or  less, 
and  in  an  unknown  degTee,  the  arrangement  without  diagonals  theoreti- 
cally would  be  desirable.  Practically,  it  will  be  well  to  come  as  near  to 
this  modification  as  possible.*  The  prophecy,  that  a  draw  bridge  without 
the.se  centre  diagonals  would  come  to  grief,  under  unsymmetrical  load- 
ings, does  not  harmonize  with  the  science  of  mechanics  nor  with  prac- 
tical fact. 

2°.  It  has  been  said,  that  for  Avant  of  anything  better,  continuous 
draws  must  be  studied  and  built.  This  conclusion  should  be  modified. 
There  is  already  a  better  plan.  Sever  entirely  the  two  spans  of  a  draw 
when  in  })osition,  and  connect  them  when  to  be  moved,  and  you  have  a 
much  better  draw  bridge  than  the  one  constructed  on  the  doubtful 
theory  of  continuity.  Singularly  enough,  this  idea  has  been  studied  at 
the  same  time  by  the  Keystone  Bridge  Co.  and  by  myself. 

*This  conclusion  follows  directly  from  what  was  said  on  pages  151,  152.  A  Member,  Mr. 
Alfred  P.  Boiler,  designed  and  executed  a  draw  of  this  kind,  which  has  no  center  diagonals  at 
all;  (roadway  bridge  at  Troy,  N.  Y.,  with  draw-span,  258  feet).  It  swings  around  also  without 
diagonals  in  the  center,  though,  as  he  remarks,  it  sways  a  liitle  more  than  he  would  wish, 
probably  because  it  bears  completely  on  the  center,  so  as  to  leave  some  play  over  the  wheels. 
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I  am  informed  that  tins  Company  has  (lesigned  and  made  proposals  on 
draw  bridges  on  this  phxn.  The  central  top  pins  pass  throng^i  oblong 
holes,  the  centre  diagonals  are  connected  with  separate  top-chord  pins 
between  and  near  to  the  main  pins.  The  draw  in  place  is  raised  by 
means  of  hydrauliq  presses  placed  underneath  the  ends  of  the  trusses  (at 
A  and  I))  and  operated  from  the  center.  Before  turning  the  draw,  its 
ends  are  lowered,  when  the  main  pins  come  to  bearing  at  E  and  F,  and 
the  diagonals  are  brought  into  action. 

My  system  differs  in  details.*  Two  spans  AB  and  CD  are  connected 
by  chord-bars  EG,  GP,  and  by  bottom  chord,  BC.  The  point  G  can 
be  connected  with  B  and    C  by  adjustable  members  BG,  CG.     When 

the  draw  is  in  place,  the  members 
are  disconnected,  and  EG,  GP, 
form  nearly  a  straight  line  of  so 
much  deflection  as  to  prevent  their 
coming  into  tension  when  the  single  spans  are  loaded.  By  screwing  up 
BG  and  CG,  the  bars  EG  and  GP  can  be  brought  t(^  a  powerful  ten- 
sion so  as  to  lift  the  ends  A  and  JD,  to  aid  in  turning  the  bridge.  The 
mechanical  labor  may  be  reduced  liy  an  apparatus  such  as  used  by 
Herr  Sehwedlerf  or  on  the  plan  exhibited  in  Vienna  by  Van  Hasselt  of 
Holland.  Instead  of  the  top-chords  being  adjustable,  each  bottom  chord 
i?C  may  be  cut  into  two  j)ieces,  between  which  hydraulic  presses  can  be 
inserted.  I  have  calculated  the  strains  and  sections  of  such  bridges,  and 
found  them  at  least  as  economical  as  continuous  draw  bridges. 

3^.  It  is  asked  why  the  calculation  of  continuous  draws  should  be  less 
trustworthy  than  that  of  fixed  continuous  spans.  I  answer  :  [a.)  Because 
the  compressibility  of  everything  below  the  trusses  at  the  center  pier 
is  very  uncertain.  Mr.  Herschel  neglects  this  point  altogether.  J  (b.) 
Draws  with  adjnstable  ends,  especially,  ai'e  liable  to  variations  of  strains, 
and  even  the  introduction  of  adjusting  rams  or  any  other  Aveighing  ap- 
paratus will  lead  to  variations,  because  the  intention  is  likely  not  to  be 
properly  carried  out.  (c. )  The  masonry  of  rottnd  piers  often  is  bad  in 
the  center,  and  center-bearing  tables  should  therefore  be  founded 
on  extra  good  masonry,     {d. )  Draw  bridges  with  non-parallel  chords  (like 

*  It  was  first  conceived  by  me  about  two  years  ago,  and  was  explained  to  Mr.  Alfred 
Boiler,  over  a  year  ago.        t  Erbkam's  Bauzoitung,  1871. 

i  In  his  paper  on  Revolving  Draw  Bridges  (CXV.  Vol.  IV.,  page  43Q),  he  also  neglects  the 
deflection  of  the  middle  beam  BAC;  this  deflcctiou  is  material,  and  causes  an  error  twice  as 
great  in  the  equation  0^=^  — C^  which  for  a  beam  of  24  feet  leuglh,  under  usual  strains,  is  from 
'  to  over  s  inch,  according  to  construction. 
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that  of  Mr.  Herscliel),  if  caleulated  under  tlu'  common  thcoiy  of  continu- 
ity, are  not  as  properly  proportioned  as  if  in  accordance  with  theory  the 
chords  had  been  parallel.  The  usual  formula?,  however,  are  also  applied 
in  this  instance,  and  considering  the  large  factor  of  safety,  the  suppo- 
sition of  extreme  live  loads  and  many  other  arbitrary  suppositions, 
this  one  may  be  accepted.  In  a  similar  cast>  (a  two  track  draw  of  200 
feet  length,  single  web  system),  I  have  added  10  per  cent,  to  the  sections 
over  and  near  the  round  pier.  Building  draws  without  end-pressures 
when  unloaded,  has  been  done,  first  l)y  Mr.  C.  Shaler  Smith,  and  after 
him  by  others  (also  by  myself),  before  the  paper  on  "  Eevolving  Draw 
Bridges  "  was  written. 

4°.  The  writer  of  that  paper  declines  to  admit  that  the  "  great  com- 
plicity of  calculation  "  of  draw  bridges  with  over  3  continuous  spans, 
should  be  dispensed  with.  Our  views  in  this  regard  are  diametrically 
opposed.  Where  he  uses,  in  calculation,  several  pages  of  formuhe,  1  do 
not  need  any. 

5°.  In  the  discussion  it  has  been  asserted,  that  unequal  heating  of 
the  chords  of  single  spans  and  of  continuous  girders,  produces  similar 
results.  Single  span  bridges  with  one  or  more  intersections  of  diagonals, 
so  long  as  they  are  provided  with  hinged  joints,  and  if  without  counter 
diagonals,  are  altogether  free  from  such  influences.  Trusses  with  counter 
rods  as  usually  applied  in  quadrangidar  trusses,  however  are  aflfected  by 
unequal  heating  of  the  chords;  with  a  difference  of  30'^  Fahr.  in  tem- 
perature of  chords,  the  counters  will  receive  extra  strains  of  about  2  000 
pounds  per  square  inch,  or  else  be  relieved  of  their  original  tension. 
But  since  the  counters  and  adjacent  parts  are  made  stronger  than  indi- 
cated by  strain  sheet,  this  influence  is  immaterial,  and  does  not  lead  to 
any  appreciable  error  in  the  chords,  posts  or  main  ties. 

6°.  Mr.  Herschel  is  not  very  fortunate  in  his  historical  statements. 
In  his  paper,  he  incorrectly  says,*  that  "  Navier,  about  1830,  first  pro- 
pounded the  theory  of  the  elastic  line, "  and  again  that  Clapeyron,  in  1857, 
reduced  these  calculations  for  the  first  time  by  introducing  the  relation 
between  each  three  consecutive  moments  over  the  i^iers.  I  saidf  that 
the  general  theory  of  the  elastic  line  was  fir.st  given  by  Leonard  Euler, 
and  the  other  relation  liy  H.  Bertot  previous  to  Clapeyron.  These  cor- 
rections are  verbally  true,  and  are  based  on  historical  facts.  Leonard 
Euler,  in  1714  wrote  a  book,:{;  in  which  the  elastic  curves  are  treated, 
and  the   crowning  triumph  of   this    great,   if    not   greatest,    analytical 

*  Vol.  IV,  page  396.    t  I'age  149.    +  De  Curvis  Elasticis,  Lausanne  and  Geneva,  page  250,  etc. 
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matliematiciau  of  the  last  century,  was  the  very  equation  which  Mv. 
Herschel  ascribes  to  Navier  ;  that  the  moment  of  exterior  forces  for  any 
point  is  proportional,  for  flat  curves,  to  the  second  differential  coefficient. 
Euler  showed  that  the  circle,  the  parabola,  the  parabolic  curves  and 
many  others  are  to  be  considered  as  elastic  lines.  This  general  law  given 
in  an  iutegrable  form,  in  fact  there  remains  little  more  but  common  alge- 
braic labor,  towards  apjjlyiug  it  to  all  questions  of  continuity. 

Euler  further,  in  1757,*  applied  the  same  law  to  the  strength  of  pillars 
(a  problem  of  difficulty  leading  to  exponential  functions)  ;  for  this  he  is 
quoted  in  England  as  the  "  immortal  "  Euler.  He  also  applied  his  theory 
to  the  difficult  problem  of  the  pressure  on  the  four  legs  of  a  table. 
P.  S.  Girardf  in  1798,  treats  the  subject  of  a  beam  encastree  at  both 
ends  which,  as  well  known,  is  the  same  problem  as  that  of  continuous 
girders,  so  that  he  at  least  would  antedate  Eytelwein.  But  I  have  only 
asserted,  that  Euler  is  the  originator  of  the  general  theory  of  the  elastic 
line,  so  that  giving  this  honor  to  Eytelwein,  after  first  having  quoted 
Navier,  is  not  in  place. 

I  am  asked,  why  not  give  the  credit  to  Mariotte  or  to  Bernouilli  ? 
The  answer  is  not  difficult.  To  Mariotte  (or  to  Hooke,  as  the  English 
books  quote),  we  owe  the  notion  of  the  extensibility  of  the  fibres  of  all 
bodies  being  j^roportional  to  the  forces,  Avhilst  Galileo  had  supposed  the 
fibres  to  be  inextensible.  To  Jncob  Bernouilli  (1G95),  we  owe  the 
introduction  of  compressibility  and  therewith  the  introduction  of  the 
neutral  hue  ;  whereas  Galileo,  Mariotte  and  still  Leibnitz  had  supposed 
the  fulcrum  of  the  interior  forces  of  a  bent  body  to  be  in  its  lower  or 
upper  surface. 

Jacob  Bernouilli,  the  elder,  just  before  his  death,  tried  to  solve  the 
problem  of  the  elastic  line  (1705),  but  did  not  succeed.  The  progress  in 
the  integral  calculus,  invented  by  John  Bernouilli  and  highly  furthered  by 
Euler,  only  rendered  it  possible  for  the  latter  to  solve  this  problem  in  its 
full  generalisation,  and  to  apply  it  with  La  Grange,  D'Alembert,  Daniel 
Bernouilli  and  others  to  the  vibrations  of  elastic  rods,  plates,  &c. ,  which 
are  i^roblems  of  great  difficulty,  involving  the  highest  mathematics. 

I  have  mentioned  that  Girard  treated  the  jsroposition  of  finding  the 
reactions  and  the  elastic  line  of  a  beam  encastree  at  both  ends.  After  him 
Cauchy  and  Poisson  worked  out  still  more  the  theory  of  elasticity,  so  that 


*  Memoires  de  I'Academie  de  Berlin. 
t  Member  of  the  French  Institute,  in  his  work  "  Traite  Analytique  de  la  Eesistance  des 
Soliiles,"  &c.,  and  beginning  at  page  50,  he  translates  Euler's  "  De  Gurvis  Elasticis,"  where 
his  theory  can  be  studied  in  French. 
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for  Xavier  there  remained  ouly  tlie  task  of  presenting  Enler's  theory  in 
the  tlegant  form,  and  of  applying  it  in  sueh  a  manner,  as  to  make  it 
attractive  and  acceptable  to  engineers.* 

Eegarding  the  priority  of  H.  Bertot  or  of  Clapeyron,  it  is  sufficient  to 
remark,  that  a  mathematical  relation  found,  is  the  property  of  the  discov- 
erer. The  honor  belongs  to  Bertot  to  have  first  given  the  relation  known 
by  Clapeyron's  name;  that  Clapeyron  extended  the  results  from  this  rela- 
tion (Clapeyron's  numbers)  has  only  remote  interest,  even  for  theorists. 
The  practical  value  of  this  extension  is  small. f 

Another  objection  refers  to  the  propriety  of  using  an  example  of  con- 
tinuous girders  to  demonstrate  the  shortcomings  of  the  theory,  and  it  was 
remarked  that  the  advantages  of  the  theory  would  be  more  apparent  wheti 
a  greater  number  of  spans  were  computed,  and  a  greater  dead-load  taken. 
I  have  therefore,  treated  three  continuous  trusses  of  a  total  length  of  600 
feet,  consisting  of  two  outer  spans,  each  183  feet  4  inches,  and  one  middle 
span  233  feet  4  inches  long.  The  short  spans  each  have  11,  and  the  long 
span  14  panels,  16  feet  8  inches  long.  For  a  strain  sheet  with  curves  of 
moments  and  shearing  forces,  see  the  Plate.  The  calculation  was  made  on 
precisely  the  same  basis  as  in  my  paper,  only  the  concentrated  excess 
load  of  the  locomotive  was  not  considered:  which,  however,  was  done  for 
two  continuous  spans  of  200  feet  each  and  for  the  single  span.  The  figures 
for  the  three  continuous  spans  comparatively  therefore  are  too  favorable. 

By  comparing  the  Plate  here  presented  with  that  of  the  paper 
under  discussion,  it  will  lie  noticed  that  the  average  chord  section  re- 
mains precisely  the  same,  so  that  in  the  chords,  no  material  is  gained 
over  the  two  continuous  spans.  The  average  diagonal  sections  are 
larger  for  three  spans  of  600  feet,  total  length,  whilst  the  post  sections 
practically  remain  the  same. 

Now  the  proper  appHcatiou  even  of  the  usual  but  imperfect  theory  of 
continuity  to  continuous  trusses,  such  as  considered  here,  proves  conclu- 
sively that  not  even  the  theoretical  quantities  of  material  are  less  than 
those  for  single  spans.  These  theoretical  quantities  are  expressed  by  the 
sums  of  the  products  of  the  length  of  each  member  into  its  maximum 
strain  (respectively  the  sum  of  positive,  plus  negative  strains). 

The  webs  of  continuous  girders  are  still  remarkably  heavier  than 
those  of    single  spans,  indicating    that    the    heightsjhouhl^be    taken 

*  For  historical  information  regarding  the  theory  of  elasticity,  reference  is  made  to 
Whewell'8  History  of  the  manctive  Sciences,  Vol.  II,  pages  72,  259,  264,  442,  443,  &c. 

t  Like  many  other  inventors  and  discoverers,  Euler  and  Bertot  have  not  received  credit, 
simply  because  ^^Titers  too  often  accept  the  quotations  of  previous  authors. 
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somewhat  less,  and  it  must  not  be  forgotten  that  the  weights  of  single 
spans,  if  arranged  with  inclined  end  i^osts,  could  further  have  been 
reduced. 

We  get  the  following  pounds  feet  per  lineal  foot  of  bridge  : 


PouNrs  Feet. 


Separate 


Theoretical 
Wei^;ht  per 

Foot  of      Comparison. 

Trusses. 


Single  spans,  27  feetdesp 1 

Locomotive  excess  considered ) 

Two  continuous  spans,  25  feet  deep  1 

Locomotive  excess  considered ) 

Three  continuous  spans,  25  ft.  deep  J 
Locomotive  excess  not  considered.  ) 


Chords . 

Webs. 
Chords. 

Webs. 
Chords, 

Webs. 


837  670 
718  670 
790  500 
772  830 
819  000 
8H9  300 


!i 


In  case  we  calculate  the  single  spans  of  200  feet  for  double  their  dead 
loads,  or  2  400  pounds  per  foot,  instead  of  1  200,  and  if  we  likewise  cal- 
culate under  this  supposition,  the  three  continuous  sjians,  we  get  these 
figures  : 


PoDNDS  Feet. 

Theoretical 

Weight  per 

I'oot  of 

Trasses. 

Comparison. 

Separate. 

Total. 

Single  spans,  27  feet  deep 

Locomotive  considered 

Chords. 
Webs. 

1  130  000 
915  000 

1  2  045  000 

682 
672 

101.5 

3  continuous  spans,  25  fctt  deep. . . 
Locomotive  excess  not  considered. 

Chords . 
Webs. 

958  400 
1  058  2  0 

2  0:l6  600 

100. 

The  saving  in  trusses  of  continuous  sjDans  is  theoretically  less  than  1^ 
per  cent.  Examination  of  these  figui'es  proves  that  the  continuous  spans 
are  designed  too  deep  and  the  single  spans  too  shallow,  and  since  prac- 
tically the  web  of  our  single  span  increases  but  very  little  for  one  foot  of 
increase  of  height,  a  single  span  of  28  feet  de})th  would  have  proved  as 
light,  even  theoretically,  as  our  continuous  spans  under  their  most  favor- 
able height. 

For  small  spans,  continuity  is  admitted  to  be  out  of  question.  For 
railroad  bridges  np  to  400  feet  (dead  not  much  heavier  than  live  load), 
the  best  examples  of  European  continuous  bridges  do  not  show  less  but 
rather  greater  weights  than  the  best  American  single  sj)ans.     For  city 


bridges,  with  lieiivy  dead  loads,  greater  strains  cau  bo  admitted  in  case  of 
single  than  continuous  spans. 

But  there  will  be  few  instances  in  truss  bridge  building,  under  which 
even  theoretically,  the  princij^le  of  continuity  would  seem  to  lead  to 
economy.  If  for  very  large  spans  with  limited  depths,  this  jii'iuciple  is 
applied,  it  will  be  imperative  to  use  hinges,  and  thus  remove  all  doubtful 
theory. 

Having  done  my  part  in  the  discussion  of  the  subject  of  continuity, 
it  remains  for  those  who  claim  any  saving  under  the  application  of  this 
theory  to  skeleton  trusses,  to  point  out  an  existing  structure  which  can 
compare  favorably  with  properly  designed  single  spans.  Will  these  ad- 
vocates, furnish  plans  and  calculations  of  their  imijroved  continuous 
trusses,  "which  being  correctly  designed,  prove  to  be  lighter  than  properly 
designed  single  sjaans  ?  Until  this  is  done,  I  hold  that  hardly  a  theory 
in  engineering  has  been  presented  more  suiaerficially  and  been  worse  ap- 
plied, than  this  of  continuous  beams,  as  transferred  to  skeleton  structures. 
The  oversight,  mainly  consisted  in  a^Dplying  the  theory  to  skeleton  striic- 
tures,  at  all.  With  homogeneous  beams,  the  formulse  are  nearly  in  con- 
cert, and  the  consideration  of  web  in  this  instance  is  quite  immaterial, 
because  the  minimum  webs  of  these  homogeneous  beams  are  already 
heavier  than  needed,  and,  therefore,  any  saving  in  the  chords  is  so 
much  gain.  Lowering  the  middle  bearings  of  such  beams  of  equal  sec- 
tion, actually  leads  to  increased  resistance,  though,  of  course,  this  opera- 
tion juay  not  be  reliable.  But  a  truss  bridge  is  not  a  single  homogeneous 
beam;  on  the  contrary,  it  is  composed  of  many  parts  of  differing  sections 
and  i)hysical  qualities,  so  that  the  aj)plication  of  the  theory  no  longer  is 
admissible.  The  time  for  continuous  girders  passed,  when  plate-webs 
were  abandoned  for  bridges  above  100  feet  span. 

I  would  here  call  attention  to  an  error  in  the  jaaper  on  ' '  Eevolving 
Draw  Bridges,""  wherein  it  is  asserted  that  advantage  can  be  derived 
from  lowering  the  center  supports,  and  it  is  expressly  claimed  that 
a  saving  of  from  18  to  39  per  cent,  of  chord  sections  can  be  ob- 
tained. This  mistake  has  crept  into  books,  and  was  copied  by  others,  be- 
cause some  French  engineers  built  continuous  girders  with  constant 
heights  and  constant  cross-sections.  Indeed  it  is  possible  to  reduce  the 
moments  at  and  near  the  center  girders,  l)ut  only  by  increasing  the  mo- 
ments elsewhere,  so  that  in  reality  (for  nobody  to-day  would  think  of  not 
varying  the  chords)  no  saving  is  obtained  from  this  construction  ;  instead, 
a  slight  loss  is  incurred.     On  the  contrary,  raising  a  continuous  bridge 


234 

over  tlie  middle  snpiJorts,  or  increasing  the  moments  and  tlie  shearing 
forces  leads  to  a  concentration  of  dead  load  near  the  piers,  and  there- 
by to  a  slight  gain  of  material.  The  writer  underrates  the  difference 
between  theory  and  practice  of  continuous  girders,  and  speaks  of  a 
variation  in  strains  of  10  to  15  per  cent,  only,  not  more  than  is  to  be  ex- 
pected in  single  spans.  The  reports  of  the  North  East  R.  R.  of  Switzer- 
land, presented  in  the  Centennial  Exhibition,  shows  that  the  continuous 
Ergalz  bridge  of  four  spans,  under  trains  of  mean  velocity,  deflects  respec- 
tively 11,  10,  11,  11  millimeters,  while  the  deflections  as  determined  by 
theory  Avere  expected  to  be  14,  19,  19,  14  millimeters.  It  is  impossible 
that  these  great  discrei^ancies  could  merely  arise  because  the  actual  modu- 
lus was  more  than  the  one  under  which  the  theoretical  deflections  were 
obtained:  for  in  this  case  all  deflections  would  have  been  less  in  the  same 
ratio;  moreover,  I  learn  that  the  modiilihad  been  experimented  upon.  It 
is,  therefore,  more  likely  that  the  deflections  ajipear  modified,  in  the  way 
they  are,  on  account  mainly  of  the  other  imperfections  of  the  theory,  es- 
pecially because  the  web  system  has  not  been  considered  in  the  determi- 
nation of  strains. 

It  has  been  denied  that  the  observation  of  the  deflections  of  continu- 
ous girders  is  of  any  moment  in  the  discussion,  and  that  having  arrived 
at  the  reactions  by  theory,  the  strain  may  be  calculated  without  regard  to 
y  discrepancies    as    to   deflections. 

jt >t_. ^  Ib^--^    When  I  rejoined,  that  the  whole 

^^      ■ IS'"'" ■ ""TTT  calculation     and     the    graphical 

i  \^,,-'A  method    of    treating    continuity 

rests  on  these  deflections  and  on  the  angles  of  deflection,  it  was  said 
that  though  these  quantities  were  used  in  arriving  at  the  reactions,  yet 
they  being  cancelled  in  the  final  expressions,  do  not  influence  the  final 
result,  and,  therefore,  are  immaterial. 

To  examine  this  question,  let  A  B  represent  an  end  span  of  a  continuous 
bridge,  and  let  8^  represent  the  actual  deflection  for  the  abscissis  .Tj,  A 
may  denote  the  calculated  reaction  and  8  the  calcidatcd  deflection.  We 
have,  according  to  theory,  for  full  load,  (load  per  foot  =  p) : 

„  ^  dx  X         .  x''  .<■■'   ,  ,      , 

EI    ,       =  A  t: «   ,.  -f  constant. 

d.  y  2        -^     b 

The  constant  actually  is  £'/into  the  tangent  of  the  angle  of  deflection 
at  A ,  and  since  for  x  =  /,  j/  =  0  we  get 

P        A  I'' 
constant  =  »  , , ,— ,  wherefrom  results 

ETy  =  ^-{x\-P  x)-P^[x^-Px) 
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For  .r  =  .Ti  we  get  the  eqnaiious  : 
^  /  5i  =  ^^  (.f-  —  P  .ri)  —  J^^  {x\  —P  X,)  for  the  reality,  and 

Eld  =  ^^-(.r-'  — /-  ,ri)  —  P-{.rt  —P  .r,)    for  the  calculation. 
Since  d  differs  from  S  i  also  A  differs  from  A  i ;  (always  according  to 
the  common  theory,  snpi^osing  the  modulus  to  be  a  constant  value).     By 
reduction  we  arrive  at  : 

5i  —  5  _  .r'l  —P  xi  . 
AV^^TA ~       6EI  ~  ' 
so  that  the  difference  between  observed  and  calculated  deflections  is  pro- 
portional to  the  difference  between  actual  and  theoretical  reactions. 

This  investigation,  as  to  the  relation  of  actual  deflections  to  actual  re- 
actions and  actual  .strains  may  be  extended  to  the  other  spans  of  continu- 
ous girders.  Hence,  if  the  calculated  and  actual  deflections  do  not  agree 
also,  the  theoretical  and  actual  reactions  cannot  agree,  and  the  strains 
consequently  are  not  properly  calculated.  Differing  from  single  spans, 
the  deflections  of  continuous  girders  form  the  teststone  of  the  correct- 
ness of  calculation  of  strains. 

Before  concluding  this  discussion,  I  have  to  mention  that  it  was  ex- 
plained* how  utterly  impossible  it  is  to  divide  the  reactions  pi  2^2,  &c. 
of  continuous  girders  into  parts  Avhich  mnst  pass  through  each  separate 
system  of  diagonals  and  posts,  whilst  for  single  spans  we  may  follow  the 
ways  which  the  reactions  take,  because  in  the  latter  instance  the  distri- 
bution is,  by  the  law  of  the  lever,  made  i^ositive. 

It  is  unnecessary  to  further  explain  how,  with  continuous  girders,  the 
distribution  of  the  reactions  over  the  systems  of  diagonals  depends  on 
accidental  circumstances  of  manufacture.  Whilst  I  regret  that  this  neg- 
ative projaerty  of  continuous  girders  is  not  fully  appreciated  by  some,  I 
am  confident  that  practical  men,  ha\dng  considered  the  reasons  given, 
will  comprehend  the  importance  of  this  objection  to  manifold  systems  of 
diagonals  of  continuous  girders. 


ON  THE  NEW  PORTAGE  BEIDGE.f 
Mk.  Chakles  MACDONAiiD. — The  general  arrangement  of  piers  and 
intermediate  spans  on  the  Portage  viaduct  appears  to  be  judicious,  in 
view  of  the  fact  that  the  masonry  of  the  old  bridge  was  assumed  to  be 
suitable  for  the  new.  The  details  at  the  joints  of  the  posts  are  quite 
novel  and  possess  some  merit ;  scarcely  sufficient,  however,  to  warrant 

*  Page  162.    t  Referring  to— CXVI,  The  New  Portage  Bridge,  by  G.  S.  Morison;  page  7. 
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their  general  introduction.  It  does  not  seem  to  be  in  accordance  with 
good  practice  to  connect  the  bottoms  of  posts  forming  large  iron  piers, 
by  horizontal  struts.  The  effect  of  temperature  upon  such  members, 
when  of  considerable  length,  must  vitiate  their  efficacy  as  compression 
members,  unless  the  pedestals  are  provided  Avith  friction  rollers — and 
this  would  be  a  questionable  expedient.  I  would  prefer  to  secure 
the  pedestals  to  the  masonry  by  suitable  anchor  bolts,  relying  upon 
them  to  resist  any  tendency  to  motion  by  reason  of  the  strain  upon 
the  diagonal  bracing.  This,  of  course,  involves  good  masonry,  but 
it  is  beginning  to  be  understood  that  where  the  expense  of  an  iron 
bridge  is  incurred,  the  character  of  the  masonry  should  be  in  keeping 
with  the  superstructure.* 

In  the  solution  of  the  problem  which  was  here  presented  to  the  engi- 
neer, it  does  not  appear  that  sufficient  importance  was  attached  to  the 
element  of  time  as  controlling  the  plan  uj)on  which  the  structure  was  to 
be  built.  The  Erie  Eailway  Co.,  by  the  loss  of  the  old  bridge,  was  sud- 
denly deprived  of  its  main  line  of  communication  with  the  West.  It  is 
true  that  a  limited  amount  of  business  could  be  jDassed  over  the  Roches- 
ter Branch,  but  at  great  inconvenience  and  loss  of  time.  It,  therefore, 
became  a  matter  of  the  first  importance  to  so  arrange  the  design  of  the 
new  bridge,  that  the  least  possible  delay  would  result  in  its  execution. 
This  policy  would  undoubtedly  lead  to  the  use  of  sections  and  shapes  of 
iron  which  could  be  most  readily  combined  into  the  required  members, 
and  due  regard  would  be  had  to  the  facilities  possessed  by  the  different 
manufacturing  establishments  for  furnishing  such  material.     In  the  pre- 

*  Mb.  Macdonald  (at  a  meeting  of  the  Society,  March  7th  last,  referring  to  the  "New 
Portage  Bridge")  said: — The  pressure  upon  some  of  the  pedestal  stones  of  this  bridge,  notwith- 
standing that  it  is  much  less  than  is  found  under  the  bearings  of  many  truss  bridges,  has  de- 
monstrated the  importance  of  well-bonded  masonry  to  resist  the  vibrations  of  iron  structures. 
Shortly  after  the  bridge  was  opened  for  traffic,  slight  vertical  cracks  showed  themselves  in 
several  places  on  the  fa^es  of  the  piers,  directly  under  the  pedestals,  in  some  cases  oxtindiug 
downward  several  feet  through  face  stones  which  were  laid  in  regular  courses  and  had  every 
appeai-auce  of  being  well  bedded.  Those  evidences  of  weakneos,  altQough  not  calculated  to 
produce  alarm  for  the  stability  of  the  piers,  seem  to  be  the  result  of  concentration  of  load  upon 
a  few  points  of  support,  the  necessary  consequence  of  a  substitution  of  an  iron,  for  the  broader 
based  timber  structure. 

Upon  the  removal  of  one  of  the  intermediate  piers  not  required  for  the  new  bridge,  the 
interior  masonry  was  proved  to  be  of  a  quality  nothing  better  than  very  common  rubble  laid 
up  in  mortar,  which  scarcely  deserved  the  name;  while  the  face  stones  were  barejaced  indeed, 
to  conceal  such  evidences  of  imperfect  workmanship  ;  yet  this  masonry  gave  no  indication 
of  its  true  character  under  the  weight  of  the  old  structure,  which  must  have  brought  a  load 
upon  each  pier  fully  four  times  that  which  it  now  has  to  sustain. 

It  is  currently  reported  that  much  of  the  old  masonry  in  the  country,  built  for  wooden 
bridges,  is  of  the  qua'ity  above  described  ;  if  this  is  the  fact,  it  would  bo  well  not  to  trust 
too  much  to  outward  appearances  in  determining  the  safe  limit  of  pressure  to  be  applied  to 
pedestal  stones  for  iron  bridges  intended  to  replace  wooden  ones. 
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sent  instance,  the  parties  selected  to  execute  the  work  were  not  familiar 
with  the  details  of  a  trestle  viaduct  of  such  magnitude.  A  large  portion 
of  the  material  was  procured  from  rolling  mills  several  hundred  miles 
distant.  A  premium  was  thus  put  upon  delay  at  the  beginning  of  the 
work,  and  a  positive  certainty  of  further  loss  of  time  insured  by  the 
adoption  of  a  pin  connection  superstructure,  whereby  temporary  trusses 
had  to  be  provided  in  the  erection. 

The  contractors  deserve  great  credit  for  the  energy  displayed  in  com- 
pleting the  work  in  the  time  they  did,  but  the  Erie  Eailway  Co.  should 
have  had  the  bridge  completed  in  45  instead  of  90  days.  It  is  believed 
this  could  have  been  done  if  the  piers  had  been  constructed  of  such 
well-known  sections,  as  the  Phoenix  column — for  instance — and  the 
suijerstructure  made  in  the  form  of  rivetted  lattice  girders  and  rolled 
out  over  the  piers  from  either  side  of  the  ravine. 

In  thus  advocating  the  substitution  of  rivetted  girders  for  the  pin 
ctmnection  system  so  well  known  in  this  country,  I  do  not  wish  to  be 
understood  as  endorsing  the  rivetted  system  under  all  circumstances. 
Having  had  a  much  more  extended  experience  with  pin  connections, 
preference  has  been  in  favor  of  that  system  ;  and  later  investigations 
have  induced  me  to  modify  certain  impressions  and  to  accord  to  both 
systems  a  more  nearly  equal  share  of  merit  when  constructed  with  a  pro- 
per regard  to  correct  practice. 

Local  considerations,  such  as  the  facilities  for  obtaining  the  required 
sizes  of  iron,  ease  of  erection,  and  rigidity  under  a  moving  load,  should 
be  carefully  considered  in  each  particular  case  before  deciding  which 
system  to  adopt,  and  if  such  investigation  is  made  without  that  pre- 
judice which  is  too  often  induced  by  finely  drawn  theoretical  con- 
siderations, it  is  believed  that  the  decision  Avill  be  quite  as  often 
in  favor  of  the  rivetted  as  the  pin  connections.  Mere  theorists, 
who  have  been  led  to  favor  either  system,  must  learn  to  appreciate 
the  value  of  experimental  evidence  if  they  would  impress  their  views 
upon   an  interested  public. 

Mr.  George  S.  Morison.— The  old  Portage  bridge  was  burned  May 
6th,  1875.  It  was  necessary  to  have  the  new  structure  completed  as  early 
as  possible.  To  do  this  much  of  the  old  masonry  must  be  used,  even 
though  somewhat  injured  by  fire  and  of  inferior  condition.  The  repairs 
after  the  completion  of  the  iron  work,  and  the  dimensions  of  the  new 
iron  viaduct,  were  adapted  to  masonry,  which  was  built  to  carry  a  struc- 
ture of  widely  different  character. 
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Building  under  these  conditions,  the  only  change  which  I  should 
wish  to  make  in  the  arrangement  of  spans  would  be  to  substitute 
another  span  of  100  feet  for  the  two  50  feet  sj^ans  immediately  east  of 
tower  C  ;*  but  if  building  an  entirely  new  structure,  in  Avhich  no 
dimensions  were  fixed  by  old  masonry,  I  would  lengthen  the  trusses 
of  the  long  spans  and  shorten  the  horizontal  length  of  the  toAvers. 
The  i^resent  towers  are  20  feet  wide  and  50  feet  long  on  top,  and 
70  feet  wide  and  50  feet  long  at  the  base ;  a  tower  which  should 
measiu-e  20  by  10  feet  on  the  top  and  70  by  35  feet  at  the  base,  the 
longitudinal  batter  being  one-half  the  transverse  batter,  would  contain 
less  material,  have  greater  stability,  be  more  easily  erected,  and  the 
architectural  effect  would  be  much  better. 

As  regards  the  details  of  the  towers,  there  are  few  changes  which  I 
would  make  ;  the  cross  section  of  the  post  might  be  somewhat  imjjroved 
by  increasing  the  relative  width  of  the  outside  plate,  but  the  connections 
between  the  posts  and  the  struts  and  diagonal  rods  proved  very  conven- 
ient in  erection,  and  is  that  which  I  should  wish  to  adopt  in  another 
structure. 

So  far  as  1  know,  all  iron  trestles  or  viaducts  of  similar  design,  erected 
prior  to  the  new  Portage  bridge,  have  had  the  feet  of  the  posts  in  the 
towers  connected  by  horizontal  struts,  both  longitudinally  and  trans- 
versely. In  the  Portage  bridge,  the  longitudinal  strut  is  dispensed 
with,  the  transverse  strut  is  retained  and  one  side  of  every  tower 
is  placed  on  rollers.  Mr.  Macdonald  has  since  erected  viaducts  on  the 
Lake  Ontario  R.  R. ,  in  which  the  pedestals  are  anchored  to  the 
masonry  and  the  use  of  horizontal  struts  is  dispensed  with  in  both 
directions.  I  accept  his  design  as  an  improvement,  but  the  great 
width  of  the  Portage  towers  (70  feet)  would  have  rendered  it  inapplic- 
able, unless  a  form  of  tower  had  been  used  similar  to  that  sketched 
in  the  paper  under  discussion,  f 

Alter  the  bridge  was  opened  for  traflfie,  all  the  old  piers  were  repaired  ; 
the  upper  surface  w'as  covered  with  a  layer  of  beton  coignet,  the  lower 
jjortion  of  each  pier  was  inclosed  in  a  crib  of  square  timber  and  the  space 
inside  of  this  crib  was  filled  with  beton  well  rammedj.  The  beton  was 
forced  into  cavities  which  had  been  formed  in  the  lower  corners  of  the 
foundation  rock,  and  the  results  have  been  all  that  could  be  desired. 

*  Sec  Plates,  page  8.  t  Page  7.  t  This  work  was  doue  by  the  N.  Y.  &  L.  I.  Coignet  Stone 
Cq.,  under  the  direction  of  Dr.  J.  C.  Groodridge,  Jr. 
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The  slight  cracks  which  Mr.  Macilouahl  refers  to,*  all  occurred  before 
these  repairs  were  made,  aud  as  soon  as  they  had  been  completed  all  set- 
tlement or  cracking  ceased.  The  results  of  this  system  of  repairs,  which 
has  also  been  made  use  of,  to  preserve  a  large  arch  culvert  of  disinte- 
grating stone  in  the  same  neighborhood,  have  been  such  that  I  can  fully 
recommend  it  for  all  places  where  decaying  masonry  requires  pro- 
tection and  it  is  important  to  avoid  the  expense  and  inconvenience  of 
rebuilding  it. 

As  to  the  method  in  which  the  contract  for  the  new  Portag-e  bridge  was 
given,  it  certainly  was  not  that  Avhich  would  have  ensured  completion  in 
the  least  possible  time.  The  bridge  was  burned  May  6th  and  opened  on 
July  31st,  8G  days  after  its  destruction.!  The  true  method  of  letting  the 
contract  Mould  have  been  to  give  the  work  to  three  builders,  all  w'ork 
to  be  done  by  the  pound  ;  the  towers  east  of  the  main  channel  should 
have  been  given  to  one  party,  those  we.st  of  that  channel  to  a  second, 
and  the  supersti-ucture  to  a  third.  Had  this  been  done  and  no  delays 
been  occasioned  by  financial  troubles,  the  bridge  would  have  been  opened 
for  traflac  in  45  days. 

Tlie  superstructure  could  have  been  built  in  the  form  of  a  continuous 
girder  aud  rolled  forward  as  the  work  progressed,  but  I  believe  the 
system  of  ei-ection  which  was  adopted,  to  be  a  better  one.  After  the 
continuous  superstructure  had  been  brought  into  j)osition,  it  would 
have  been  necessary  to  cut  the  sjians  apart,  as  the  rise  and  fall  of  the 
bridge  seats  on  the  tall  towers,  due  to  changes  of  temperature,  amounting 
to  over  2  inches,  would  have  been  enough  to  throw  more  than  double 
the  calculated  weight  on  a  single  support,  and  the  weight  of  the  con- 
tinuous superstructure  would  necessarily  be  excessive.  Ten  hours* 
time  sufficed  to  put  together  one  of  the  hundred  feet  spans,  when 
the  scaffolding  was  ready,  and  if  three  sets  of  false  trusses  had 
been  jsrovided  instead  of  two,  the  entire  superstructure  would  have 
been  ready  for  the  passage  of  trains  in  ten  days  after  the  completion 
of  the  land  tower. 

*  Page  23G. 

t  The  contractors  to  whom  it  was  awarded  had  just  completed  for  the  Erie  Railway,  a  dou- 
ble track  in  bridge  of  four  spans,  and  a  total  length  of  640  feet,  weighing  about  1  100  000 
pounds,  in  just  40  daj's  from  the  time  the  old  one  had  been  destroyed  ;  they  were  fully  com- 
petent to  complete  the  Portage  bridge  in  60  days,  though  they  could  not  have  done  much  bet- 
ter. The  radical  mistake  was  made  however,  of  ordering  about  three  quarters  of  the  iron  from 
a  miU  in  Pittsburgh,  which  wholly  failed  to  furnish  it  at  the  time  agreed  ;  and  20  days  after  the 
burning  of  the  bridge,  the  Erie  Railway  passed  into  the  hands  of  a  receiver,  and  fears  of  diffi- 
culty iu  obtaining  prompt  payments  undoubtedly  led  to  further  delays. 
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ON  THE  EEECTION  OF  THE  VEERUGAS  BRIDGE.* 
Mk.  Viegil  G.  Bogue. — I  -will  give  an  account  of  tlie  railway  on  tlie 
line  of  -wliicL  the  Verrugas  viaduct  is  situated,  and  of  the  i^eculiar  state 
of  affairs  and  surroundings,  the  difficulties  other  than  mechanical,  attend- 
ing the  work  of  erection. 

The  CaUao,  Lima  &  Oroya  Railway  has  for  its  objects  :  first,  to  fur- 
nish better  means  of  communication  between  the  capital  and  certain  val- 
leys on  the  eastern  slope  of  the  Andes  ;  second,  to  open  u^j  various  min- 
eral districts  reputed  to  be  rich  in  silver  and  copper  ores,  including  the 
important  district  and  city  of  Cerrode  Pasco;  and  third,  to  connect  as 
the  first  section  of  a  projected  railway,  the  Pacific  with  navigable  water 
on  a  tributary  of  the  Amazon. 

In  January,  1870,  the  Peruvian  government  contracted  with  Henry 
Meiggs  for  the  construction  of  this  road,  and  from  that  time  the  work 
went  on  with  great  vigor  (8  000  men  being  sometimes  emjiloyed),  until  the 
middle  of  August  last,  when  operations  were  suspended  from  lack  of 
funds.  The  length  of  the  road  when  completed  will  be  about  136  miles; 
8'Si  miles  of  track  is  laid,  and  much  of  the  heavy  work  on  the  remaining 
portion  is  done,  so  that  in  a  comparatively  short  time  the  last  spike  would 
have  been  driven.     The  gauge  is  4  feet  8|  inches. 

The  line  commences  at  Callao,  passes  through  the  city  of  Lima  and 
pursues  the  valley  of  the  Rimac  river,  with  a  general  direction  north  of 
east,  104i  miles  to  the  summit  tunnel,  where  the  grade  attains  an  eleva- 
tion of  15  645  feet,  thence  descending,  the  village  of  Oroya  is  reached  at  an 
elevation  of  12  178  feet.  From  Callao  to  San  Bartolome,  distant  46|  miles, 
the  average  grade  is  about  105  feet  to  the  mile,  but  from  there  to  the 
summit,  the  gradients  are  with  few  exceptions,  3  and  4  to  100.  Here,  too, 
the  character  of  the  valley  changes,  the  mountains  closing  in  with  pre- 
cipitous sides,  leaving  only  room  for  the  narrow  river  to  find  its  way  at 
their  feet.  The  sharpest  curve  allowed,  has  a  radius  of  120  meters,  and 
the  grade  in  such  cases  cannot  exceed  3  in  100. 

At  San  Bartolome,  begin  the  real  difficulties  of  the  enterprise,  and 
from  this  place  develoi^ment  follows  development,  one  apparently  being 
made  that  the  line  might  arrive  at  a  j^oint  a  few  miles  beyond,  where  op- 
l)ortunity  for  another  was  presented,  until  the  summit  of  the  Andes  is 
reached.  The  road  throughout  is  one  of  great  interest  to  the  engineer, 
for  its  bridges  and  viaducts,  its  tunnels,  enormous  cuttings  and  fillings 

*  Referring  to— CXIX,  Erection  of  the  Verrugas  Bridge;    L.  L.  Buck,  page  103. 
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and  its  location  Avliicli  was  the  result  of  long  and  careful  study.  It  was 
found  necessary  to  develop  the  line  at  San  Bartolome,  where  a  secondary 
valley  empties  its  waters  into  the  Kimac,  forming  a  conformation  of  the 
surface  convenient  for  the  purpose,  and  after  making  several  detours  in 
this  vicinity,  the  road  reappears  upon  the  mountain  side,  several  hundred 
feet  above  the  river.  Pursuing  its  course  thus,  it  shortly  arrives  at  the 
"  Quebrada"  Verrugas,  which  is  simply  a  doep  chasm  where  the  moun- 
tain seems  cleft  in  twain.  Its  aj^pearance  from  below,  mth  a  background 
of  lofty  sierra  is  awe-inspiring  and  appalling.  * 

Prior  to  the  initiation  of  work  at  San  Bartolome,  the  difficulties  en- 
countered had  been  overcome  with  ease,  and  the  health  of  the  men  em- 
jiloyed  was  comparatively  good,  but  shortly  after,  fevers,  and  the  pecu- 
liar disease  "  A^errugas  "  (from  which  the  canon  takes  its  name)  incident 
to  the  locality,  began  to  ajDpear  ;  from  that  time  until  the  viaduct  and  all 
this  section  was  completed,  almost  a  plague  raged  among  all  classes.  It 
Avas  found  that  this  disease,  and  in  fact  ill  health  in  general,  did  not  pre- 
vail in  the  valley  below  an  elevation  of  3  000,  or  above  that  of  6  600  feet; 
but  between  these  limits  it  was  only  necessary,  in  some  cases,  that  a  i^er- 
son  should  remain  twenty-four  hours  to  become  thoroughly  impregnated 
with  the  seeds  of  disease.  Those  foreign  to  the  country  were  especially 
liable  to   attacks. 

Extensive  quarters  aud  hospital  accommodations  were  provided  for 
the  men  at  great  expense,  and  by  these  means  and  the  payment  of  large 
wages,  the  supply  of  labor  was  kept  up,  as  nearly  as  possible.  But 
there  was  naturally  a  lack  of  skilled  labor  in  a  country  where  such 
great  Avorks  had  been  previously  unknown,  and  the  constant  dejoletion 
with  resulting  necessary  changes  going  on,  produced  much  demoral- 
ization. AU  materials  were  brought  on  mules  from  the  end  of  the 
track  some   miles  below. 

*  If  Jules  Vernes'  balloon  could  have  visited  this  locality,  its  occupants  -would  have  first 
remarked  the  narrow  valley  of  the  Kimac,  shut  closely  in  by  lofty  mountains,  down  whose  sides 
ran  deep  ravines  and  jagged  ribs  of  rock,  all  parched  and  barren.  Drawing  nearer,  they  would 
have  perceived  the  works  iipon  the  line  with  thousands  of  men  throwing  down  material  and 
large  masses  of  rock  which  broke  up  and  scattered  in  all  directions  or  fell  with  a  thud  and  a 
splash  into  the  river,  while  a  thick  cloud  of  choking  dust  covered  nil  below.  Still  nearing,  they 
perhaps  could  have  discerned  the  camps  and  hospitals,  with  flags  flying  and  queer  groups  of 
people  strangely  dressed  in  many  colors.  They  would  have  heard  that  subdued  hum  which 
always  prevails  on  a  great  work,  the  reports  of  the  blasts,  and  the  roaring  of  the  Kimac  as  it 
plunged  once,  that  it  might  more  quickly  plunge  again.  Meanwhile  the  sun  shedding  down 
upon  all  the  scene  Its  troiaical  rays,  at  last  the  caiion  Verrugas  would  have  burst  upon  them,  and 
then  verily,  thinkiugthey  had  arrived  at  the  gate  of  the  luferno,  they  would  have  quickly  sped 
away  to  more  favorable  parts. 
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SiK'h  then  Avas  the  condition  of  affairs  when  it  became  necessary  to 
erect  the  Verrugas  viaduct.  It  will,  therefore,  be  readily  understood, 
that  aside  from  the  motives  of  economy,  any  method  of  erection  Avliich 
alleviated  the  other  necessities  of  the  case,  was  a  great  desideratum  and 
saving  of  anxiety,  which  Avonld  set  the  work  forward  at  a  bound. 

Mr.  L.  Leffeets  Buck.— My  account  of  the  "Erection  of  Verrugas 
Bridge"  was  written  in  answer  to  questions  asked  at  the  Seventh  Annual 
Convention,  and  intended  only  as  a  simple  statement  of  facts.  I  have 
thought  it  probable  that  other  questions  might  be  asked  as  to  the 
locality  of  the  structure,  etc.  Neaily  every  mile  of  the  railroad  line 
from  San,  Bartolome  to  the  summit  (a  distance  of  about  59  miles)  would 
furnish  an  interesting  topic  for  discussion.  The  paper  may  have  led 
some  to  think  that  we  were  trying  to  make  extraordinary  progress  in  the 
erection  of  the  bridge  in  question.  The  facts  were  as  follows  :  the 
locality  being  extremely  unhealthy,  it  was.  desirable  to  get  through  with, 
and  out  of  it  entirely  as  soon  as  possible.  But  because  of  this,  it  was 
imjiossible  to  drive  the  laboring  force,  as  is  usual  where  great  haste  is 
required.  It  was  necessary  to  have  substantial  work,  and  to  secure  this, 
everything  was  done  by  day's  work. 

Aside  from  the  unheal thiuess  of  the  place,  the  only  occasion  for  haste 
was  to  save  transportation,  on  mules'  backs,  of  materials  to  be  used  on 
the  work  beyond  the  bridge. 

The  station  of  San  Bartolome  is  3  miles  from  Verrugas  towards  Lima. 
From  San  Bartolome  to  Surco,  7  miles,  the  line  lies  along  a  steep  moun- 
tain side,  so  that  nothing  could  be  gained  by  railroad  transportation 
beyond  San  Bartolome,  tiU  the  track  should  be  laid  to  Surco.  But 
between  these  two  points  are  Verrugas  and  Cuesta  Blanca.  Through  the 
latter  (an  immense  ledge  of  rock)  a  tunnel  was  being  driven.  Now,  until 
this  was  finished,  there  was  no  use  for  the  bridge.  But  for  every  day 
that  the  bridge  delayed  the  track  after  the  completion  of  said  tunnel, 
there  would  be  involved  an  expense  of  several  hundred  dollars,  due  to 
the  7  miles  of  "mule  packing."  The  tunnel,  however,  Avas  the  longest 
job,  and  although  that  w^ork  was  driven  night  and  day,  Ave  felt  that  we 
had  time  to  Avork  cautiously. 

The  first  thing  required,  after  starting  on  the  excavations  for  founda- 
tions of  piers  and  abutments,  Avas  to  arrange  for  some  security  against 
rolling  stones.  The  sides  of  the  ravine  being  very  irregular  and  steep — 
extending  in   altitude   OA'cr   a  hundred   feet   above   the   road-bed,  and 
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covored  in  many  places  with  stones  and  rocks,  liable  to  get  loose  and 
roll  down — it  became  something  of  a  problem  as  to  the  best  means  of 
protecting  the  Avork.  To  detach  them  and  thus  loosen  the  snrface  would 
make  the  matter  worse.  To  dress  the  sides  down  to  a  safe  slope,  would 
recpiire  the  removal  of  a  quantity  of  material  not  to  be  thought  of. 
Hence  it  was  decided  to  build  such  walls  of  stone,  backed  Avith  loose 
earth  as  a  cushion,  that  a  stone  rolling  down  should  strike  nearly  in  the 
direction  of  the  wall  and  be  turned  away  from  the  iron  piers. 

In  the  bottom  of  the  ravine  where  the  highest  pier  stands,  there  Avas  a 
large  quantity  of  loose  material  that  had  been  throAvn  down  in  making  the 
deep  cuts  for  road-bed  at  each  end  of  the  bridge,  several  months  previous 
to  beginning  the  bridge  work.  Too  much  time  Avould  be  required  for  re- 
moving it  all  at  once.  Hence  as  little  of  it  Avas  removed  as  Avould  enable 
us  to  prepare  the  foundations  for  the  pier  and  at  the  same  time  render 
the  iron  Avork  safe  from  any  of  .the  remainder  falling  in  uj^on  it. 

The  use  of  the  cables  in  erecting  the  other  piers,  permitted  of  this 
work  going  on  without  hindrance.  The  difiSculty  of  resting  any  false 
work  on  this  material,  for  the  iron  spans  on  either  side  of  the  middle 
pier,  Avas  one  cause  of  turning  my  attention  to  finding  some  means  of 
avoiding  it.  It  occurred  to  me  that  a  temporary  span  would  do  it  and 
at  the  same  time  be  a  saving  in  other  Avays.  At  first,  the  natives  working 
beloAv  Avould  cast  an  occasional  suspicious  glance  at  the  heavy  iron 
columns  sAvinging  in  the  air  one  or  tAVo  hundred  feet  above  their  heads, 
but  they  soon  ceased  to  notice  it. 

The  bridge  was  ready  to  pass  trains  before  the  tunnel  Avas  through. 
I  visited  the  structure  last  November.  The  track  Avas  as  straight  as  when 
laid,  although  not  a  spike  had  been  disturbed.  The  bridge  being  on  a 
3  per  cent,  grade,  it  was  feared  by  some  that  the  spans  would  move  or 
creep  on  the  bridge  seats,  but  no  such  movement  had  taken  j)lace. 
There  is  scarcely  any  sway  or  side  motion  to  the  structure  Avhen  passing 
a  train  ;  none  in  fact,  that  would  be  perceptible  to  a  i^ersou  not  trying 
to  detect  it. 
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ON  THE  FAILURE  OF  THE  WORCESTER  DAM. 

A  Report  by  Theodore  G.  Ellis,  C.  E.  ,  David  M.  Greene,  C.  E.  ,  and 
William  W.  Wilson,  0.  E.,  Members  of  the  Society. 

Presented  June  15th,  1876. 


To  the  American  Society/  of  Ciinl  Engineers : 

Your  Committee,*  to  wliom  was  intrusted  the  matter  of  an  examina- 
tion and  report  upon  the  causes  of  the  faihire  of  the  Lynde  Brook  Dam, 
at  Worcester,  Massachusetts,  begs  leave  to  report  : 

That  they  visited  the  scene  of  the  late  disaster  on  May  16th,  about 
seven  weeks  after  the  failure  of  the  dam,  and  made  a  thorough  examina- 
tion of  the  evidences  yet  remaining  of  the  causes  of  the  original  leakage 
and  subsequent  giving  way  of  the  structure  ;  together  with  what  could  be 
observed  of  the  materials  used  and  the  general  construction  of  the  work. 
Before  visiting  the  locality,  it  was  supposed  that  it  was  rather  a  late  day 
to  examine  evidences  of  the  cause  of  the  failure.  But  the  examination 
made  at  the  above  named  date  shows  that  the  removal  of  the  debris  and 
the  excavations  that  have  been  made  in  the  bed  of  the  stream,  exhibits 
some  points  of  interest  that  could  not  otherwise  have  been  observed. 
Numbers  of  excellent  photographs  were  taken  soon  after  the  accident,! 
and  part  of  your  committee  had  visited  the  dam  immediately  after  its 
destruction.  .  .  *, 

On  arrival  at  Worcester,  your  committee  visited  Mr.  Blake,  the  city 
engineer,  with  a  view  to  examining  the  plans  ui^on  which  the  dam 
was  constructed  ;  but  in  consequence  of  instructions  from  higher 
authority,  he  did  not  feel  permitted  to  show  them.  Your  committee 
therefore  was  obliged  to  procure  the  information  desired,  from  other 
sources. 

The  Lynde  Brook  reservoir  lies  in  the  town  of  Leicester,  about  4  miles 
Avestof  the  city  of  Worcester,  and  1^  miles  north  of  the  track  of  the  Boston 
k  Albany  R.  R.  The  main  part  of  the  dam  runs  nearly  east  and  west, 
across  the  bed  of  the  stream,  Avhich  flows  to  the  south.  This  part  of  the  dam 

*B5'vote  of  tho  Society,  canvassed  Aijri!  5Ui,  187G,  apiiointed  "to  examine  and  report 
upon  the  reccn  ifailure  of  the  dam  at  Worcester,  Mass."  t  Some  of  which  arc  in  the  Society's 
library. 
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is  iiliont  GOO  or  700  feet  long.  Tlio  east  end.  curves  to  the  uortli  ami  extends 
about  1  000  feet  across  a  low  divide,  to  prevent  the  water  from  wasting 
in  that  direction.  This  dam  was  built  in  1870  and  1871.  The  pond  was 
of  about  132  acres  in  area,  and  contained  when  full,  663  330  000  gallons. 
The  failure  occurred  in  the  main  body  of  the  dam,  in  the  bed  of  the 
brook,  in  the  line  of  the  gate-houses  and  where  the  supply  pipes  passed 
through  the  embankment. 

This  main  dam  consisted  of  au  earth  embankment,  composed  of 
an  excellent  material,  brought  up  in  layers  of  about  6  inches,  and 
thoroughly  worked  together.  In  the  centre  was  a  wall,  built  chiefly  of 
cobble  stones  laid  in  hydraulic  cement.  It  Avas  intended  to  be  3  feet 
thick,  but  the  part  remaining,  measures  about  33  inches.  This  wall  was 
constructed  by  building  up  the  outside  a  short  distance,  and  filling  the 
interior  with  concrete.  The  cement  used  was  of  good  quality,  and  the 
work  was  tolerably  well  done,  althoitgh  such  a  wall  is  far  from  being 
water-tight.  In  the  bed  of  the  brook,  through  the  dam,  was  an  arched 
culvert  for  containing  the  supply-pipes,  8  feet  wide  and  8  feet  high  in 
the  clear.  The  side  walls  were  5  feet  thick,  and  extended  2  feet  below 
the  top  of  the  paving.  The  arch  was  18  inches  thick,  and  was  covered 
on  top  with  a  layer  of  cement  and  brick.  The  paving  consisted  of 
8  inch  cubes  of  granite,  under  which  were  flag-stones  lying  upon  about 
10  inches  of  broken  stone.  The  side  walls,  arch  and  granite  blocks  were 
aU  laid  in  hydraulic  cement  of  good  quality  ;  the  side  walls  being  built 
double  and  filled  in  with  concrete. 

At  the  upper  end  of  this  culvert  was  the  main  gate-house,  a  very 
substantial  structure  of  stone,  lined  with  biick,  extending  from  the 
foundation  of  the  dam  to  the  top,  with  a  chamber  above  that  level  which, 
was  roofed  and  furnished  with  doors  and  windows.  At  the  lower  end  of 
the  arched  culvert  there  was  another  gate-house,  of  small  size,  one  story 
high,  provided  with  a  door  and  windows,  containing  the  waste-gates. 
From  this  gate-house  a  round  stone  culvert  reached  some  distance  into 
the  stream  below,  to  carry  off  the  waste  w'ater.  The  floor  of  the  gate- 
house was  paved  with  8-inch  cubes  like  the  arch,  but  resting  on  the 
natural  earth.  These  gate-houses  were  situated  somewhat  inside  of  the 
foot  of  the  slopes,  and  wing- walls  Avere  built  of  dry  rubble  to  hold  the 
foot  of  the  slope. 

The  top  of  the  embankment  was  about  50  feet  wide,  Avith  a  slope  of 
2  to  1  on  the  upper  side,  and  a  slope  of  2 ^  to  1  on  the  lower  side.  Its 
height  at  the  gate-house  Avas  41  feet,  being  4  feet  above  the  sill  of  the 
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waste-way.  The  arched  culvert  pierced  the  central  wall  which  was  built 
up  to  it  on  all  sides.  Between  the  upper  gate-house  and  the  culvert  was 
a  strong  bulkhead  of  masonry,  about  10  feet  thick,  laid  in  cement, 
through  which  passed  the  two  24-inch  supply-pipes.  This  bulkhead 
does  not  seem  to  have  extended  in  any  direction  beyond  the  gate-house. 

At  the  west  end  of  the  dam  was  a  waste-way,  22  feet  wide,  Avhicli 
extended  along  the  side  hill  to  some  distance  below  the  end  of  the  lower 
slope.  This  waste-way  had  one  side  wall  on  the  down  hill  side  laid  in 
cement,  and  a  concave  bottom  of  rough  stone  paving,  laid  dry,  about  2 
feet  thick.  Over  the  central  wall,  a  cut  granite  sill  was  laid,  close  up  to 
which,  came  the  dry  paving  on  the  upper  si  le.  This  paving  was  a 
continuation  of  the  rough  stone  facing,  of  about  18  inches  thick,  covering 
the  upjjer  slojie  of  the  dam.  Before  the  construction  of  the  dam  which 
failed,  there  was  a  dam  at  this  place  of  less  height,  which  was  covered  up 
by  the  new  dam  when  built.  This  old  dam  had  a  central  wall  of 
masonry,  similar  to  that  above  described,  except  that  it  was  thinner  and 
was  built  in  a  single  wall  which  now  shows  in  the  sides  of  the  excava- 
tion. The  middle  portion  of  the  old  dam  was  removed  in  digging  the 
foundations  for  the  masonry  of  the  new  dam.  The  part  now  washed  out 
shows  that  the  sod  was  not  removed  from  under  the  old  dam,  but  was 
removed  in  the  new  construction.  Particular  inquiries  were  made 
regarding  the  foundations  of  the  masonry  of  the  arched  culvert  and 
gate-house  where  the  failure  took  place,  and  it  was  ascertained  that  after 
the  arch  Avas  built  and  it  was  desired  to  put  in  the  paving,  it  was  found 
that  it  could  not  be  done  as  intended,  on  account  of  the  softness  of  the 
bottom.  At  the  upper  end  of  the  arch,  the  ground  could  be  shaken  bj' 
stepping  upon  it,'  and  it  was  wet  and  springy. 

The  way  in  which  the  paving  was  laid,  was  by  liressing  into  the 
gi'ound  the  rough  stones  before  mentioned  and  then  covering  them  with 
the  flag-stones,  upon  which  the  granite  blocks  were  laid  in  cement.  A 
like  difficulty  seems  to  have  been  experienced  with  the  foundation  of  the 
upper  gate-house.  Here  it  was  necessary  to  j^ress  into  the  moist  and 
springy  earth,  about  3  feet  in  thickness  of  broken  stone,  before  the 
masonry  in  cement  could  be  commenced.  This  gate-house  does  not 
appear  to  have  settled  previous  to  the  giving  away  of  the  dam. 

It  is  stated  in  the  newspaper  accounts  of  the  disaster,  that  there  has 
been  a  leakage  into  the  culvert  ever  since  the  dam  was  completed. 
The  commencement  of  the  failure  was  about  two  years  ago,  when 
water  was  first  observed  leaking  in   considerable  quantities  into   the 


247 

pipe  culvert,  about  20  feet  above  the  central  wall,  aud  passing  out 
through  the  arch  and  lower  gate-house.  lu  April,  1875,  the  leakage  was 
at  the  rate  of  24  221  gallons  in  twenty -four  hours,  Avith  the  water  6  feet 
below  the  waste-way.  In  July,  under  a  similar  head,  it  had  increased  to 
39  810  gallons  i^ev  day.  On  September  7th,  1875,  the  city  engineer 
called  attention  to  the  increased  leakage,  and  recommended  "that 
the  pipe  arch  be  thoroughly  cleaned  of  all  deposit,  which  will  enable 
careful  insjiection  to  determine,  if  the  water  is  discolored  on  entering  the 
archway,  which  Avould  indicate  an  increase  of  v/ash  under  the  foun- 
dation." Under  date  of  December  1st,  1875,  he  reported  that  the 
clearing  out  of  the  deposit  had  been  done,  and  that  a  weir  had  been 
placed  in  the  pipe  culvert  itself,  where  only  the  water  entering  through 
the  leak  could  be  measured.  Previous  to  this  time  the  only  means  of 
measuring  the  leakage  had  been  by  a  weir  below  the  outlet  of  the  waste 
culvert,  which  was  defective  and  unreliable  at  times  from  the  effect  of 
surface  water.  On  this  date,  the  engineer  reports,  "the  leakage  at 
present  is  48  418  gallons  per  day,  showing  an  increase  of  about  21 000 
gallons  since  April  1st.  It  being  important  to  locate  the  leakage,  two 
weirs  were  set  in  the  arch,  one  a  short  distance  from  the  upper  end,  and 
the  other  near  the  lower  end.  It  is  a  matter  of  congratulation  that  the 
investigations  i^rove  the  leakage  is  confined  entirely  within  a  short 
distance  of  the  uj^per  end."  During  the  year  ending  December  1st, 
1875,  the  reservoir  was  not  at  any  time  full,  the  height  of  water  being 
from  3i  to  19^  feet  below  the  level  of  the  waste- way. 

In  the  above-named  state  of  affair's,  in  the  opinion  of  your  committee, 
it  was  only  a  question  of  time  when  the  dam  should  be  destroyed,  and  it 
seems  to  be  somewhat  remarkable  that  this  should  not  have  been  appre- 
ciated by  those  having  charge  of  it,  and  immediate  steps  taken  to  repair 
the  damage  and  stoj)  the  leak.  Nothing,  however,  appears  to  have  been 
done,  and  when  the  reservoir  filled  up  in  the  spring  of  1876,  the  leak 
largely  increased.  Two  days  before  the  final  giving  way  of  the  embank- 
ment, large  quantities  of  muddy  water  were  observed  to  be  flowing  from 
the  waste  culvert  below  the  lower  gate-house.  An  examination  was 
made,  and  the  water  was  found  to  be  entering  at  or  near  the  place  of 
the  old  leak.  The  flow  rapidly  increased,  until  just  before  the  final 
catastrophe,  the  water  rose  in  the  lower  gate-house  so  us  to  Aoav  from  the 
door  and  windows,  being  more  than  the  waste  culvert  could  discharge. 

The  first  caAdng  in  of  the  embankment  took  place  on  the  west  side  of 
the  upper  gate-house,   after  which   it  went   rapidly,   the   central   wall 


248 

checked  the  rush  of  water  for  an  instant,  and  then  the  whole  gave  way 
before  the  vast  volume  pouring  from  the  reservoir  above.  The  up^oer 
gate-house  fell  over  to  the  southwest,  against  the  sloping  side  of  the 
chasm  and  mostly  broke  up,  though  some  portions  of  the  masonry 
remained  together. 

In  the  opinion  of  your  committee  there  is  no  doubt  as  to  what  was 
the  immediate  cause  of  the  failure  of  this  dam.  There  was  evidently  a 
stratum  of  j)orous  material  lying  under  the  upi:)er  gate-house  and  the 
upper  end  of  the  pipe  vault,  partaking  of  the  nature  of  a  quicksand, 
which  should  have  been  removed,  and  greater  precautions  taken  to  pre- 
vent the  access  of  water  from  the  reservoir,  than  ap]Dears  to  have  been 
the  case  in  the  foundations  before  described.  The  water  found  its  way 
through  the  porous  bed  on  which  the  gate-house  and  arch  founda- 
tions rested,  and  leaked  through  the  interstices  of  the  masonry  of  the 
vault  until  it  wore  a  passage  large  enough  to  carry  the  earth  with  it,' 
after  which  the  destruction  proceeded  with  great  rapidity. 

The  details  of  the  catastrophe  derived,  chiefly  from  the  accounts  in 
the  Worcester  Spy,  are  as  follows  :* 

During  the  day  preceding  the  final  failure,  attempts  to  sto^)  the  leak 
had  been  made  in  various  ways  without  much  effect.  Some  time  before > 
daylight  on  the  morning  of  the  day  the  dam  gave  way,  Thursday,  March" 
30th,  a  section  of  the  dam  between  the  ujaper  gate-house  and  the  waste- 
way  or  "roll- way  "  as  it  appears  to  have  been  generally  called,  about  20 
feet  wide  and  5  feet  thick,  caved  in.  Tlie  water  followed  with  a  rush  and 
a  roar,  and  above  all  was  heard  the  grinding  of  the  stones  of  which  the 
upj)er  face  of  the  dam  was  composed,  as  they  rolled  into  the  breech. 
The  water  then  poured  in  torrents  through  the  doors  and  windows  of  the 
lower  gate-house,  and  the  dam  was  momentarily  expected  to  break. 
Work  was  however  continued,  bags  of  hay  loaded  with  stones  were  thrown 
into  the  water  at  the  break,  and  after  an  hour  the  flow  perceptibly  de- 
creased, and  the  rumbling  of  the  stones  as  they  ground  over  each  other 
was  no  longer  heard. 

With  the  dawn  of  day  the  exertions  of  the  workmen  were  renewed. 
The  barns  in  the  neighborhood  were  opened,  and  the  hay  loaded  in  carts 
and  drawn  upon  the  dam,  where  hundreds  of  men  were  only  waiting  for 
an  opportunity  to  assist  in  averting  the  catastrophe.  Axes  were  brought, 
and  the  large  pine  trees  in  the  grove  below  the  dam  were  cut  down  and 
hauled  as  near  the  break  as  it  was  deemed  safe  for  horses  to  go,  when 
they  were  taken  up  by  the  men  and  thrown  into  the  gap. 

*  They  are  added  as  a  matter  of  intevpst. 
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At  this  time,  tho  portion  of  the  clam  below  the  lower  gate-house  was 
badly  gullied  and  the  stream  through  the  door  was  falling  into  a  hole 
about  20  feet  deep.  An  immense  quantity  of  water  was  flowing  through 
the  V>reak,  yet  the  stream  above  was  discharging  almost  an  equal  quantity 
into  the  reservoir  above,  so  that  little  headway  was  made  in  drawing  off 
the  water.  During  the  day,  canals  were  being  cut  through  the  eastern  em- 
bankment of  the  dam,  so  as  to  allow  the  water  to  find  its  way  down  through 
a  meadow  to  Parsons  brook.  The  ground  was  frozen  and  this  work  pro- 
ceeded very  slowly.  The  cement  "  spiling  wall "  was  cut  through  with 
difficulty,  and  it  was  not  until  4  o'clock  that  a  passage  was  made.  At  this 
time  the  leak  through  the  dam  had  diminished,  and  it  was  hoped  that  by 
drawing  the  water  off,  the  danger  would  be  partially  averted. 

But  this  hope  was  without  foundation.  At  ten  minutes  of  six,  the 
water  was  seen  bubbling  uj)  through  the  earth  of  the  dam  back  of  the 
waste  gate-house.  The  stream  when  first  noticed,  was  not  larger  than  a 
man's  finger.  In  less  than  a  half  a  minute,  it  was  as  large  as  a  man's 
wrist.  At  the  end  of  a  minute,  it  was  as  large  as  a  man's  leg.  In  another 
minute  it  was  as  large  as  a  barrel,  and  was  3  or  4  feet  high.  Then  stones 
and  earth  were  thrown  up  in  the  stream  and  gradually  the  earth  began  to 
cave  in.  Foot  after  foot  of  the  solid  embankment,  now  thoroughly 
honeycombed  by  the  action  of  the  water,  gave  way.  Then  sections  vary- 
ing in  width  from  2  to  5  feet,  began  to  drop  off,  until  the  embankment 
was  gone  back  to  the  face  of  the  dam.  The  cement  spiling  wall 
held  for  a  moment  after  all  the  earth  liad  been  washed  away.  Then  a 
hole  appeared  in  the  centre  of  the  wall,  gradually  its  size  increased,  un- 
til with  one  grand  crash  the  spiling  wall  crumbled,  letting  loose  the 
760  000  000  gallons  of  water  stored  behind. 

The  water  rushed  down  the  ravine  in  a  solid  mass,  20  feet  high.  First 
in  the  line  of  the  flood  was  the  stone  waste-gate  house.  When  the  flood 
struck  this,  it  tottered,  then  the  key-stone  of  the  arch  dropped  out,  a  cor- 
ner of  the  building  next  gave  way,  followed  by  the  wooden  roof,  which 
was  swept  onward  until  drawn  into  a  Avhirlpool,  when  it  was  crushed  to 
matchwood  and  thrown  into  the  air.  The  gate-house  was  tipped  over 
bodily,  and  not  even  a  stone  of  it  has  since  been  seen.  "When  the  dam 
first  broke,  the  gap  was  about  20  feet  in  width.  This  increased  rapidly 
after  the  water  had  once  gained  a  passage,  and  continued  to  increase,  un- 
til the  width  was  about  80  feet.  The  ravine  below  being  narrow,  held  the 
water  back,  and  it  continued  to  I'un  for  about  three  hours  before  the 
reservoir  was  exhausted.     Another  account  says  : 
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At  twenty  minutes  of  six,  the  eartli  at  the  surface  in  the  rear  of  the 
lower  gate-house  suddenly  became  very  muddy,  and  the  water  bubbled 
through  in  another  instant.  The  scene  for  the  next  five  minutes  was 
terrible  yet  grand.  The  water  continued  to  ooze  through  the  earth,  and 
in  about  two  minutes,  a  small  stream  was  running.  Two  minutes  later, 
the  stream  had  increased,  and  at  the  end  of  seven  minutes  the  water, 
which  had  worn  a  deej)  gulley,  began  to  work  backwards  toward  the 
break  in  the  face  of  the  dam. 

The  trees,  stones,  bales  of  hay,  and  timbers,  thrown  into  the  breech, 
were  thrown  through  in  a  violent  manner,  and  every  moment  the  break 
was  enlarging,  until  only  the  spiling  wall  remained.  This  gave  way 
in  another  moment,  and  the  sijace  at  the  top  was  about  15  feet  wide, 
through  which  the  torrent  was  pouring  and  continually  enlarging,  until 
the  rush  of  water  was  over,  and  the  waters  of  the  reservoir  had  been  sent 
down  upon  the  valley  below. 

During  the  first  hour,  the  water  was  drawn  down  about  10  feet.  The 
upper  gate-house  stood  until  nearly  the  close  of  the  first  hour,  when  the 
masonry  gave  way  bodily.  Tlie  foundations  fell  across  the  stream.  The 
upper  portion  was  wrecked  in  an  instant,  and  the  granite  blocks  of  which 
it  was  built,  added  to  the  boulders  passing  down  the  stream,  increased 
the  rumble  and  roar,  which  was  heard  above  the  noise  of  the  rushing  tor- 
rent. For  three  hours  the  flow  continued,  until  the  gap  was  150  feet 
wide  at  the  top  and  about  50  at  the  base.  By  eight  o'clock  the  reservoir 
was  nearly  emptied.  {Signed  In/  tlie  CommUtee.) 

Mr.  William  J.  Mc Alpine. — Soon  after  the  disaster,  which  is  the 
subject,  of  this  paper,  Messrs.  Cunningham,  Francis,  Shedd,  Worthen 
and  myself,  members  of  the  Society,  were  appointed  by  the  corporate 
authorities  of  the  city  of  Worcester,  a  commission,  to  examine  and 
rei)ort  upon  the  causes  of  the  failure.  This  commission  spent  days  in 
searching  for  evidence,  from  those  who  built  and  those  who  maintained 
the  dam,  those  who  witnessed  the  devastation  its  failure  caused  and 
others  whose  professional  and  personal  knowledge  of  the  fact  qualified 
them  to  speak  as  experts. 

I  cannot  assent  to  the  conclusions  of  the  report  just  read.  At  an 
early  day,  I  hope  to  be  able  to  present  to  the  Society  my  A-it^ws  of  what 
led  to  this  disaster,  founded  upon  the  evidence  thus  obtained  and  such 
observation  and  experience  as  has  been  possible  for  me  to  bring  to 
bear  upon  the  case. 
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ON  GAUGING  OF  STEEAMS.f 

Mil.  David  M.  Geeene.J — In  the  examination  of  questions  fre- 
quently arising  among  neighboring  mill  owners  using  the  Avater-power 
of  our  country  streams,  it  almost  always  happens  that  the  engineer  is 
called  upon  to  form  an  opinion  as  to  the  adaptability  of  the  machinery 
used,  to  the  available  power  of  the  stream,  and  as  to  the  "reasonable 
use  "  of  such  power. 

It  is  assumed  that  so  much  machinery  may  be  emjiloyed,  at  any  point 
upon  any  stream,  as  can  be  effectually  and  fully  operated  by  the  water 
flowing  therein  at  its  "  ordinary  stage. "  What,  then,  is  the  ordinary 
stage  of  a  stream  ?  We  answer,  that  it  is  the  minimum  flow  occurring 
during  from  eight  to  nine  months  of  the  year,  excluding  the  three  or 
four  months  of  low  water  usually  occurring  during  the  late  summer, 
early  autumn  and  in  mid-winter.  In  other  words,  machinery  properly 
adapted  to  the  flow  of  water  in  the  stream  upon  which  it  is  located, 
may  run  without  interruption,  from  a  defective  supply  of  water,  during 
eight  to  nine  months  in  each  year. 

The  extent  of  the  interruptions  which  are  to  be  expected  during  the 
remaining  three  or  four  months,  will,  of  course,  dejiend  upon  the  extent 
to  which  extreme  low  water  falls  below  the  ordinary  stage,  and  upon  the 
duration  of  the  extreme  low  stage. 

*  Continued  from  page  244. 

t  Referring  to— Report  of  Committee  on  uniform  Gauging  of  Streams,  in  Connection  with 
Observations  ol  Rainfall ;  T.  Q.  Ellis,  Chairman  ;  Proceedings,  Vol.  II,  page  61. 
t  Presented  June  10th,  1876. 
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It  is  assumed  that  such  an  adaptation  of  machinery  is  a  fair  com- 
promise between  the  condition  of  an  amount  of  machinery  adaj)ted  to 
the  maximum  flow,  which  would  be  subject  to  constant  interruption 
throughout  the  entire  year,  and  that  of  machinery  adapted  to  the 
minimum  flow,  which,  while  able  to  run  uninterruptedly,  would  involve 
a  constant  and  very  large  waste  of  power,  except  during  the  genex-ally 
brief  period  of  extreme  low  water. 

The  charge  of  "  unreasonable  use  "  is  usually  made  when,  during  low 
water,  mill  owners  draw  more  water  than  is  naturally  flowing  in  the 
stream,  until  their  ponds  are  exhausted,  or  their  heads  reduced  to  such 
an  extent  as  to  necessitate  the  stojjpage  of  their  works,  and  then  shut 
their  gates  for  the  purpose  of  filling  their  ponds  ;  thus  entirely  suppress- 
ing, for  a  longer  or  shorter  time,  the  flow  of  water,  and  of  course,  inter- 
fering with  the  oi^erations  of  machinery  below. 

Again,  the  charge  of  ''unreasonable  use"  is  sometimes  made  by 
manufacturers  whose  business  requires  them  to  run  their  machinery 
night  and  day,  and  who  therefore,  require  a  constant  and  uniform  flow 
of  water ;  when  their  ui:)-stream  neighbors,  running  their  machinery 
during  the  day  only,  draw  down  the  water  during  the  day,  and  at  night 
shut  down  their  gates  in  order  to  accumulate  a  sup^Dly  of  water  for  the 
following  day,  thus  sending  down  an  unusual  and  unnatural  quantity 
by  day,  and  almost  entirely  suppressing  the  flow  at  night. 

It  is  not,  however,  my  purpose  to  discuss  the  varioiis  and  complica- 
ted questions  growing  out  of  the  use  of  Avater  power,  but  rather  to  indi- 
cate the  means  I  employed  in  an  important  case,  to  determine  the  mini- 
mum flow  of  a  stream  and  its  relation  to  the  use  by  a  cotton  factory,  as 
a  means  of  ascertaining,  approximately,  whether  the  quantity  of  water 
used  by  the  factory  was  or  was  not  greater  than  the  ordinary  flow  of  the 
stream. 

In  the  case  referred  to,  an  improved  Fourneyron  turbine  about  8  feet 
in  diameter  w^as  used,  under  a  head  of  40  feet.  This  turbine  was  so 
carefully  constructed,  that  the  quantity  of  water  used  upon  it  could  be 
determined  very  accurately,  and  the  dam  was  tight. 

The  observations  were  made  during  the  period  of  extreme  low  water, 
in  summer,  and  in  the  following  manner  :  Firat,  the  pond  being  full  to 
the  crest  of  the  dam — no  water  flowing  over— the  factory  was  started  up 
and  run,  to  its  full  capacity,  until  the  pond  had  been  drawn  doAvn  about 
!2i  feet.  Second,  the  gate  was  then  closed  tightly,  and  the  pond  allowed 
to  fill  to  the  point  at  which  it  stood  when  the  machinery  was  started. 
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TJ/ird,  tlie  times  required  to  draw  down  tlie  pond  and  to  fill  it  again 
were  carefully  noted. 

These  operations  ware  repsated  several  times — drawing  the  pond 
down  various  distances,  ranging  from  4  inches  to  2i  feet.  While  draw- 
ing  down  the  pond,  in  each  case,  a  determinate  quantity  of  Avater  was 
used  by  the  turbine  which  was  equal  to  an  indeterminate  quantity  stored 
in  the  pond,  plus  the  indeterminate  quantity  flowing  in  the  stream  in  the 
same  time.  "While  the  pond  was  being  raised  to  its  former  level,  in  each 
case,  the  above  indeterminate  quantity  of  water  was  being  stored  there- 
in from  the  normal  minimum  flow  of  the  stream. 

In  order  to  exjjress  the  relations  analytically,  to  eliminate  the  volume 
of  water  stored  in  and  drawn  from  the  pond  during  each  experiment,  to 
determine  the  relation  between  the  volume  flowing  in  the  stream  and  the 
quantity  used  by  the  turbine,  and  to  ultimately  determine  the  minimum 
flow  of  the  stream,  we  proceed  as  folloM's  : 

Let  Q,  equal  flow  of  the  stream,  and  Q',  the  floAv  through  the  turbine, 
in  cubic  feet  per  minute  ;  I'  the  time  required  to  draw  down  the  pond, 
and  /  for  i^ond  to  fill  to  original  level,  in  minutes,  and  T^,  the  volume 
stored  in  and  drawn  from  pond,  during  experiment,  exclusive  of  flow  of 
stream. 

Then  F^  Qt,  and  the  quantity  used  by  the  wheel,  while  drawing 
down  the  pond,  V^  Qt=  Qt-\-  Qt:  =  (2't' ;   whence 


^.  _ .  oinri  n  —  Ci'  ( !_ 


— ;  and0=0Y-4— ^ 


Several  experiments  were  made,  in   which   the   value  of    y  ,   ranged 

from  0.65  to  0.69  ;  showing  that,  at  extreme  low  water,  the  stream  fur- 
nished about  66  per  cent,  of  the  quantity  of  water  required  to  run  the 
factory  continuously,  at  its  full  capacity  ;  or  considerably  more  than 
would  be  required  to  run  at  fall  capacity  during  10  hours  of  each  day, 
lirovided  the  flow  could  be  controlled  during  the  night. 

Similar  experiments,  made  at  the  ordinary  stage  of  the  stream — or  at 
any  stage — when  the  flow  is  less  than  the  quantity  used  upon  the  wheel, 
would  furnish  the  relations  between  Q  and  Q'  at  those  stages. 

This  method — original  with  the  writer — is  believed  to  be  far  more 
satisfactory  and  to  furnish  much  more  I'eliable  re.sultsj.^in  cases  similar 
to  that  herein  described,  than  the  usual  rude  and  uncertain  methods  in 
which  sections  and  velocities  of  the  stream  are  taken,  or  where  the  dis- 
charge over  dams  is  estimated. 
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ON    TPIE    CEOTON    WATER    WORKS    AND    SUPPLY 

FOR    THE    FUTURE.* 

Mk.  J.  Hekbeet  Shedd.-j- — The  paper  under  discussion  presents  in  a 
striking  nianner  the  immediate  need  of  attention  on  the  part  of  the  city 
of  New  York,  to  her  public  water  supply.  Enormous  interests  are  de- 
pendent upon  the  integrity  of  the  works  which  furnish  this  supply,  and 
the  jJresent  close  approach  to  the  maximum  power  of  delivery  Avill  not 
admit  of  much  delay  in  making  provision  for  an  increased  supply,  or  for 
a  more  j)erfect  utilization  of  that  at  present  furnished  to  the  city.  The 
remedy  which  can  be  most  quickly  applied,  in  the  present  condition  of 
thing's,  will  have,  on  that  account,  great  advantage  over  that  which  re- 
quires more  time  for  its  application.  It  may  be  that,  for  security,  a 
second  line  of  aqueduct,  so  located  as  to  be  safe  from  injury  by  a  break- 
age of  the  first,  will,  before  a  long  time,  need  to  be  constructed;  but  this 
will  require  so  much  time  for  completion,  unless  so  hurried  as  to  greatly 
increase  its  cost,  that  means  for  lessening  the  waste  within  the  city 
will  be  imperatively  needed  before  an  additional  supply  can  be  made 
available  in  that  way.  And  if  duplicate  lines  are  constructed  across  the 
valley  sand  in  such  other  places  as  are  most  liable  to  failure,  the  lessening 
■of  waste  may  defer  for  many  years  the  need  of  a  complete  duplicate  line, 
thus  saving  large  sums,  in  interest  on  construction, 

Any  schemes  for  furnishing  water  that  is  unfit  for  domestic  supply, 
but  suitable  for  certain  other  large  uses,  for  the  purpose  of  relieving  the 
draft  upon  the  present  supply,  will  be  accompanied  Avith  such  complication 
and  expense  as  to  rule  them  out  of  the  question  except  as  a  last  resort. 

It  appears  that  the  present  consumption  is  more  than  100  gallons  per 
day  for  each  j)erson  in  the  city,  including  visitors.  This  is  a  larger  sup- 
ply than  can  possibly  be  needed  for  any  useful  purpose,  and  it  is  safe 
to  say  that  one-half  the  amount  is  preventable  waste.  To  stoj)  this  waste, 
will  T)e  about  equivalent  to  doubling  the  present  capacity  of  the  works, 
and  I  am  satisfied  that  it  can  be  done  at  moderate  expense,  without  detri- 
ment to  any  interest  of  importance,  and  without  annoyance  to  takers 
that  will  be  objected  to  by  any  fair-minded  person.  This  prevention 
of  waste  will  bring  advantages  to  the  lower  part  of  the  city  that  cannot 
be  accomplished  by  an  additional  conduit  alone  ;  it  will  increase  the 
pressure  throughout  that  district,  thus  supplying  water  to  high  portions 


*  Eoferriiig— to  CXX,  Notes  and  SugRestioiis  ou  the  Crotou  Water  Worlis  and  Supply  lor 
the  Future;  Beujamin  S.  Church,  page  107.  t  Head  at  the  meeting  of  the  Society,  April  5th, 
1876. 
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of  buildings,  and  furnishing  an  abundant  supply  tlirougli  the  distribu- 
tion for  fire  pui^poses.  It  would  have  this  further  adviintage,  that  the 
storage  capacity  within  the  city  would  then  be  sufficient  to  allow  time  for 
needed  repairs  and  for  strengthening  the  conduit  on  embankments,  and 
if  necessary,  the  connection  of  duplicating  lines  across  the  valley. 

That  half  the  quantity  of  water  now  supplied  to  New  York,  is  use- 
lessly wasted,  is  proved  by  comparison  with  the  experience  of  many 
other  cities.  The  most  plausible  pretense  in  thus  allowing  water  to  run 
to  waste,  is  that  it  serves  to  keep  the  sewers  clean;  but  the  amount  that 
might  still  be  spared  after  half  the  flow  had  been  stopjied,  if  judicioiisly 
used  in  flushing  the  sewers,  would  be  of  more  value  than  the  continuous 
dripping  that  now  amounts  to  about  the  same  as  -|-  inch  of  rainfall 
I)er  day. 

The  city  of  Providence,  where  the  daily  supply  is  less  than  221  gal- 
lons per  inhabitant,  may  be  cited  as  an  example  of  what  can  be  accom- 
plished in  the  economical  use  of  water.  It  is  not  known  that  any  resi- 
dent of  that  city  feels  under  restraint  in  the  use  of  water,  either  for 
domestic,  manufacturing  or  other  purposes,  except  so  far  as  to  prevent 
needless  waste.  There  is  probably  a  sufficient  supply  at  the  source  for 
2  000  000  iDeopIe,  and  the  works  are  constructed  on  a  scale  sufficient  to 
furnish  about  five  times  the  quantity  now  delivered.  It  is  believed  that 
the  water  is  liberally  used  for  all  purposes,  but  is  not,  to  a  large  extent, 
wasted.  This  result  is  undoubtedly  owing,  in  part,  to  the  Avorks  being 
new  and  thoroughly  built,  so  that  the  leakage  in  pipes  and  fixtures  is 
small,  and,  in  part,  to  the  character  of  the  fixtures  emi^loyed,  but  it  is  be- 
lieved to  be  mainly  owing  to  the  unprecedented  number  of  meters  in  use. 

The  population  of  Providence  in  1875  was  100  675,  on  an  area  of 
about  15.5  square  miles.  The  area  Avhicli  is  considered  thoroughly  piped 
by  the  water  distribution  is  about  7  square  miles,  within  which  is  an  es- 
timated population  of  91  436.  About  114  miles  of  main  water  pipes  are 
laid  within  this  territory,  supplying  9  700  families  and  lai'ge  manufactur- 
ing and  other  interests  ;  510  steam  boilers  ai'e  operated  within  the  city, 
and  6  624  vessels  arrived  in  the  j^ort  during  1875.  Up  to  April  1st,  the 
total  number  of  services  opened  was  5  981,  and  the  number  of  meters  in 
use  was  2  426. 

The  population  now  supplied  with  water  for  domestic  purposes  is  esti- 
mated at  48  000.  The  large  number  of  meters  in  use  enables  a  more  ac- 
curate estimate  of  the  quantity  required  for  various  purposes,  to  be  made 
than  would  otherwise  be  possible.      The  use  for  manufacturing  purposes 
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is  seen  to  be  very  large,  wliile  tlie  use  in  dwellings  is  about  one-tliird  tlie 
total  supp]3^ 

The  daily  use  of  water,  as  measured  and  estimated,  is  as  follows  : 


Gallons. 

Per  Cent. 

For  manufacturing 

984  000 
720  000 
546  000 

44 

Other  purposes  (iuclud  iug  leakage) 

24 

Total 

2  250  ( 00 

100 

It  appears  by  the  United  States  census  of  1870,  that  the  number  of 
persons  employed  in  manufacturing  interests  in  Providence  is  propor- 
tionally greater  than  in  New  Yoi-k,  while  the  number  engaged  in  trade 
and  transportation  is  proportionally  less  ;  neither  interest  varying  largely 
from  the  projiortion  of  population.  As  the  amount  of  water  required  for 
manufacturing  interests  is  greater  jjro  rata  than  for  commercial,  it  seems 
fair  to  assume  that  a  direct  comparison  of  Providence  with  New  York 
would  indicate  a  full  suj)ply  of  water  to  the  latter  city  for  all  useful  pur- 
poses. It  appears  above,  that  a  little  more  than  half  the  population 
within  the  thoroughly  piped  district  is  now  sujiplied  for  domestic  pur- 
poses. It  is  estimated  that  about  three-fourths  the  manufacturing  inte- 
rests are  supplied,  and  the  use  of  water  for  other  purposes  may  be 
assumed  to  be  in  proportion  to  the  population  supplied. 

For  an  approximate  estimate,  the  following  quantities  give  a  full  daily 
sujoply  to  the  entire  population  of  New  York  for  all  ugeful  jiurposes 
without  wasting  : 


Gallons. 

Pee  Cent. 

15  000  000 
13  120  000 
11  892  000 

38 

33.2 

28.8 

Total                                               .... 

39  512  000 

100 

Or  say  a  daily  supply  of  40  000  000  gallons,  while  the  supply  now  de- 
livered, as  estimated  by  the  Water  Department,  is  understood  to  be  about 
100  000  000  gallons,  or  according  to  Mr.  Church's  estimate,  114  000  000 
gallons. 
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It  will  probably  be  difficult,  but  not  iiupnieticiible,  to  reduce  the 
present  waste,  without  lessening  the  amount  fairly  used,  so  that  the  daily 
delivery  shall  be  40  000  000  to  50  000  000  gallons.  This  very  desirable 
and  important  I'esult  can  only  be  accomplished  by  care  and  attention  in 
various  yvajs.  The  Providence  system  of  assessing  water  rates  on  the 
opportunities  to  waste  water  instead  of  on  the  valuation  or  size  of  build- 
ing, would  be  a  valuable  aid  in  this  direction.  A  family  supplied  by 
one  faucet  is  theite  charged  $6  per  year  ;  each  additional  faucet  or  fixture 
on  the  premises  involves  an  addition  to  the  annual  rate;  and  for  those  who 
are  willing  to  be  carc^ful  in  the  use  of  water  and  wish  to  lessen  their  rates, 
it  is  provided  that  a  nutter  may  be  put  in,  subject  to  certain  conditions.* 

Under  this  system  nearly  all  the  water  meters  in  use  in  Providence 
ai'e  owned  and  maintained  by  the  consumers,  only  10  of  the  2  426  meters 
now  running  being  owned  by  the  city.  Of  course  the  same  saving  of 
water  may  be  attained  by  the  use  of  meters  owned  by  the  city,  if  there  is 
objection  to  changing  the  rates,  so  as  to  cause  private  parties  to  purchase 
them. 

But  many  causes  of  waste  exist  that  would  not  be  reached  by  indi- 
vidual meters  under  the  above  system  ;  these  need  attention  by  inspectors, 
but  the  examination  by  these  officers  ought  generally  to  be  made  Avithout 
intruding  upon  private  premises,  to  the  annoyance  of  the  occui)ants, 
except  where  waste  has,  by  outside  inspection,  been  found  to  exist.  Such 
inspection  is  quite  feasible,  even  in  so  large  a  city  as  New  York,  and  the 
discovery  of  sources  of  waste  should  include  leaks  in  the  street  mains 
and  services  as  well  as  waste  through  private  plumbing.  It  is  found  by 
measurement  that  a  single  faucet  in  my  house  will  discharge  more  than 
22  000  gallons  of  water  per  day,  if  left  running  all  the  time,  and  it  is 
therefore  evident  that  but  a  very  small  proportion  of  the  faucets  in  New 
York  would  need,  to  be  left  open  to  discharge  all  the  water  that  is  counted 
as  waste.  Leaks  have  sometimes  been  discovered  in  street  mains  on  old 
works,  that  discharged  a  much  greater  amount  than  this  faucet,  and  yet 
the  water  did  not  show  itself  at  the  surface  of  the  street.  Imperfect  fix- 
tures and  fixtures  of  unsuitable  design  furnish  another  cause  of  very 

*  These  are  as  follows  :  "  when  a  consumer  shall  prefer  to  pay  the  cost  of  such  a  meter 
as  shall  be  approved  by  the  Commissioners,  together  with  the  cost  of  putting  in  and  of  main- 
tenance, rather  than  to  pay  schedule  rates,  or  lor  the  quantity  estimated,  a  meter  will  be  put 
in  ;  provided,  however,  that  in  no  case  where  a  meter  is  used  shall  the  annual  charge  be  less 
than  SIO.  The  Commissionars  reserve  the  rijjht  to  i)ut  in  a  meter  at  the  cost  of  the  city,  in 
any  case,  and  charge  for  measured  water,  instend  of  being  governed  by  the  above  schedule." 

"  When  water  passes  through  a  meter  it  may  be  used  for  any  and  all  purposes.  No  service 
pipes,  however,  will  be  allowed  to  be  laid  across  a  street." 
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serious  waste  of  water  aud  a  system  of  inspection  and  approval  of  fix- 
tures before  tliey  are  allowed  to  be  used  will  be  an  imi^ortant  aid  in  reduc- 
ing waste.  Plumbers  should  be  lield  strictly  responsible  for  the  tight- 
ness and  good  character  of  their  work,  and  fined  or  stricken  from  the  list 
of  approved  plumbers  when  it  is  found  to  be  below  the  proper  standard. 

The  cost  of  reducing  the  waste  of  water  in  New  York,  if  the  work  is 
managed  by  judicious  and  efficient  men,  who  are  acquainted  with  the 
subject,  will  be  but  a  very  small  part  of  the  value  to  be  gained  by  such 
reduction.  * 

Mk.  James  B.  Fkancis.* — The  conduit  of  the  Cochituate  Water  Works 
supplying  the  city  of  Boston  in  embankment,  consists  of  two  rings,  of  8 
inches  of  brick,  depending  entirely  on  the  earth  for  support.  The  em- 
bankments were  carefully  formed  and  well  consolidated  for  the  purpose 
of  affording  sufficient  support  to  the  brick  work.  For  many  years  the 
conduit  has  been  strained  beyond  what  was  intended,  by  running  the 
water  under  a  head;  that  is,  if  an  opening  was  made  in  the  top,  the  water 
would  rise  in  it  above  the  top  of  the  inside  of  the  brick  work. 

It  is  cracked  longitudinally  in  a  great  many  places,  which  has  been 
attributed  to  this  excessive  pressure,  but  I  think  this  is  not  the  whole 
cause;  one  reason  for  thinking  so,  is  that  the  cracks  began  to  form  before 
the  conduit  was  run  under  a  head,  and  it  is  said,  before  water  was  admitted 
at  all. 

But  there  is  another  cause  acting  in  the  embankments,  which  may 
also  have  had  an  effect  on  the  Croton  aqueduct,  I  mean  the  frost.  A 
systematic  examination!  of  the  interior  of  the  conduits,  November  20th, 
1873,  showed  that  it  had  been  cracked  and  rejaaired  in  great  part  of  its 
length,  aud  was  wider  than  its  original  dimensions  both  in  cutting  and 
embankment,  the  change  being  much  greater  in  the  latter,  in  which  the 
widening  was  generally  from  1  to  3  inches.  The  worst  place  reported,  is 
at  the  high  embankment  at  Newton  Lower  Falls,  where  it  is  from  0.3  to 
0.48  feet  wider  than  originally  built.  In  this  and  many  other  places  re- 
pairs have  been  made  repeatedly,  on  each  occasion  undoubtedly  leaving 
the  conduit  a  little  wider  than  it  was  before. 

The  efltect  of  frost,  I  think,  must  be  to  relieve  the  sides  of  the  conduit, 
of  part  of  the  pressure  of  the  earth.  In  the  accompanying  sketch  I  have 
represented  the  frozen  ground  as  being  3  feet  deep,  which  is  a  common 

*  Kead  at  the  meeting  of  the  Society,  April  Sth,  1876. 

t  By  Mr.  PJivifl  W.  CuijuiiighaiTi,  first  assistant  EiiKincer  of  the  Xow  Supply  for  Boston. 
See  City  Document  No.  134,  City  of  Boston,  Report  of  the  Cochituate  Water  Board,  January 
7th,  1874,  page  34;  (also  same— No.  103,  May  1873,  page  25,  giving  results  of  examination,  October 
12th,  1872). 
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depth  in  tliis  vicinity,  and  it  is  frequently  more.  The  frozen  layer 
expands,  which  the  shape  of  the  bank  evidently  permits,  tending  to 
relieve  the  sides  of  the  conduit  from  part  of  the  pressure  of  the  earth; 
when  the  earth  thaws,  there  is  no  tendency  to  go  back,  and  the  effects 
from  year  to  year  must  accumulate.  I  do  not  advance  this  theory  as 
being  proved,  but  as  a  probable  exi3lanation  of  jjart  of  the  trouble  found 
in  such  conduits. 

Mk.  William  E.  Hutton.  * — The  original  defect  in  the  Croton  Water 
Works,  and  which  appears  to  be  the  cause  of  the  numerous  and  recurring- 
leaks  described  in  the  paper  considered,  was  the  support  of  the  aqueduct 
ui^ou  a  dry  stone  wall.  This,  by  its  character  is  exposed  to  air,  moisture 
and  i^ressure,  is  in  the  best  possible  condition  to  promote  disintegration  of 
its  materials  and  "  those  minute  but  constant  movements  always  existing 
in  dry  foundations."!  I  attribute  the  cracks  in  the  aqueduct  entirely  to 
settlements  from  this  cause,  and  I  doubt  whether  any  thickness  of  solid 
masonry  or  bottom  would  i^revent  them,  while  the  same  character  of 
foundation  remains.  Although  I  do  not  know  the  fact,  I  siispect  that  in 
hght  cuttings,  on  good  foundations,  the  cracks  are  wanting,  and  this 
would,  if  true,  indicate  that  the  sidewalls  with  earth  filling  are  sufficiently 
heavy. 

Upon  the  Baltimore  Water  Works,  the  conduit  w'as  carried  over  the  few 
low  places  crossed  by  it,  on  walls  laid  in  cement  mortar,  with  side  walls 
and  spandril  filling  to  the  arch,  and  has  given  no  trouble  whatever.  This 
is  a  most  satisfactory  method  when  the  quantity  required  is  so  small  as 
to  permit  the  exjDense. 

The  circular  conduit  of  the  Washington  Aqueduct  of  9  feet  interior 
diameter  and  14  inches  thickness,  is  carried  over  ravines  on  embank- 
ments of  rammed  clay,  constructed  with  great  care,  spread  in  3  inch 
layers  and  thoroughly  rammed  with  60  pouod  rammers.  The  bank  hav- 
ing been  raised  to  the  centre  line  of  the  conduit,  the  lower  semicircle  of 
earth  w^as  cut  out,  and  the  masonry  laid  directly  upon  it  without  other 
foundation  or  extra  thickening.  The  upper  semicircle  was  afterwards 
built,  and  the  whole  backed  and  covered  with  rammed  clay.  Some  little 
time  after  comjDletion  there  was  found  over  every  embankment  a  longi- 
tudinal crack  in  the  crown  of  the  arch,  its  width  varying  generally  with 
the  height  of  the  embankment,  but  gTeater  on  the  newer  banks,  which 
had  not  been  allowed  time  to  settle  before  the  construction  of  the 
masonry.     In   some   cases  there  was  a  fine  longitudinal  crack  in   the 

*  Read  at  the  meetiug  of  the  Society,  April  19th,  1876.        t  Page  107. 
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bottom  ;  generally,  on  moderately  high  embankments,  a  transverse 
crack  across  the  crown  at  each  end  of  the  bank. 

At  the  lower  end  of  the  conduit  it  is  exposed  to  an  upward  pressure 
at  the  crown,  due  to  a  head  of  about  3  feet.  Over  a  new  embank- 
ment it  cracked  badly  (opening  probably  f  inch)  and  water  leaked 
through  the  embankment.  The  bank  was  afterwards  raised  and  widened, 
and  I  am  informed*  that  it  has  given  no  trouble  since. 

The  substructure  of  mortared  masonry,  built  up  from  solid  earth  or 
rock,  is,  without  question  to  be  preferred,  where  the  cost  is  not  too 
great.  In  most  cases  it  will  not  be  admissible.  Next,  I  should  x^refer 
the  light  masonry  enveloped  in  water-tight  material ;  every  precaution 
being  taken  to  prevent  or  diminish  settlement. 

The  necessity  of  transverse  stop  gates  at  the  waste-gate  houses,  as 
referred  to  by  Mr.  Church,  is  easily  understood — but  the  question  at  once 
suggests  itself — why  have  not  these  been  provided  ? 

The  direct  connection  of  mains  mth  conduit,  as  suggested,  would 
have  the  desired  effect  in  keeping  full  head  on  the  mains  while  the  reser- 
voir was  filling. 

The  remarks  in  the  X3aper  as  to  Avaste,  and  means  of  preventing  it, 
commend  themselves  as  judicious  and  sound.  Under  the  state  of  affairs 
as  here  presented,  it  should  be  considered  indispensable  to  commence  at 
once  the  construction  of  other  means  of  supplying  New  York  with  water, 
and  this,  whether  meters  are  supplied  or  not. 

Mr.  William  J.  McAxpiNE.f — The  Croton  Aquediict  was  designed 
and  built  by  John  B.  Jervis,  whose  work  is  regarded  by  the  profession 
in  this  and  other  countries,  as  ' '  one  of  the  greatest  achievements  of 
modern  engineering,  "J  and  has  been  followed  even  in  its  details  of  plan 
and  execution,  on  all  .similar  works  in  the  United  States. 

This  paper  states  that  certain  works  of  the  original  construction  have 
failed,  gives  the  writer's  ojjinions  of  the  causes  of  such  failure,  and  states 
how  they  might  have  been  avoided.  In  substance  it  is  alleged,  that  the 
plan  for  supporting  the  aqueduct  over  depressed  places  was  defective  in 
dimensions  and  material,  for  the  purposes  for  which  it  was  designed. 

The  object  of  the  following  remarks  by  one  of  Mr.  Jervis'  pupils,  is 
to  examine  whether  the  causes  thus  assigned  for  the  failures  stated,  were 
sufficient,  simply  or  combined,  to  i>roduce  them  ;  whether  the  plan  sug- 
gested by  the  writer  would  have  i^revented  the  failures,   and  whether,  in 

*  By  Mr.  T.  B.  Samo,  Engineer  in  charge  of  the  work.  t  Read  at  the  meeting  of  the 
Society,  April  19th,  1876.        tPage  107. 
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fact,  tlie  failures  are  not  chargeable  to  a  misapplication  of  the  structure 
to  purposes  for  which  it  was  not  designed. 

Mr.  Church  states*  that  longitudinally  (in  the  line  of  the  aqueduct) 
fractures  in  the  upper  and  lower  brick  arches  and  concrete  have  occurred 
wherever  the  conduit  rests  upon  the  dry  stone  walls  used  for  the  sup- 
port of  the  aqueduct  in  crossing  depressions  below  the  grade  of  its  bot- 
tom, and  attributes  these  fractures  to  the  combination  of  the  following 
causes  :f 

First.  Insufficient  strength  in  "  the  masonry  enclosing  the  column  of 
water," — -"to  resist  lateral  hydraulic  pressure  of  full  water  flow." 
Second,  "The  friction  from  minute  but  constant  movement  always  exist- 
ing in  dry  foundations."  Third,  "The  settlement,  in  some  places,  of 
these  foundations,"  "the  tendency  of  which  is  to  spread  the  wall." 
' '  Consequently  on  all  of  these  embankments  the  aqueduct  has  split  lon- 
gitudinally through  the  top  and  bottom  being  torn  asunder  by  the  above 
mentioned  forces." 

Allusion  is  also  made  to  the  effect  of  "  sudden  and  severe  changes  of 
Aveather,  and  to  the  reopening  of  the  fissures,  due  to  increase  of  lateral 
pressure  (of  the  Avater)  from  the  greater  depth  of  flow  in  the  aqueduct. 
The  writer  also  adds  J  that  "  the  outside  protection  walls  have  been  raised 
and  strengthened,  and  the  embankments  more  thoroughly  drained, 
which,  to  a  certain  degree,  has  prevented  the  further  settlement  of  foun- 
dations and  put  the  aqueduct  in  somewhat  stronger  condition  than  in 
former  years,  to  sustain  its  increased  burden."  And  further,  "  had  the 
bottom  of  the  aqueduct,  instead  of  being  formed  of  15  inches  of  concrete 
and  4  inches  of  brick,  been  made  3  feet  thick  of  solid  masonry, 
lined  with  4  inches  of  brick,  and  correspondingly  increased  thickness  of 
sidewalls,  these  longitudinal  ruptures  would  hardly  have  occurred,  as 
therein  would  have  been  contained  requisite  strength  on  embankments, 
where  alone  the  aqueduct  has  proved  weak. " 

When  the  Croton  Aqueduct  was  first  brought  into  use,  some  very 
small  transverse  cracks  in  the  conduit  occurred,  generally  where  the 
foundations  changed  abrujitly  from  the  supporting  walls  to  solid  rock. 
The  weight  of  the  aqueduct  on  embankments  and  of  the  earthwork  and 
outer  walls  above  the  grade  of  its  bottom,  was  from  30  to  40  tons  per 
lineal  foot;  that  joortion  which  the  foundation  walls  had  to  carry,  in- 
cluding the  slopes  of  saturated  earth  and  the  conduit  full  of  water,  did 
not  exceed  1  ^  tons  per  square  foot  of  its  top  surface.     These  walls  were 


•  Page  108.        t  Page  107  and  following.        t  Page  109. 
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founded,  iii^on  the  rock  on  solid  eartli,  and  were  formed  of  sound,  -well- 
sliaped  gneiss,  tliorouglily  bonded  aud  laid  up  with  unusual  care.  The 
toj)  courses  were  formed  of  the  largest  and  best  shaped  stone  and  laid 
out  with  even  additional  care.* 

The  load  which  these  foundation  walls  brought  upon  the  earth  foun- 
dations was  not  enough  to  produce  any  appreciable  yielding  after  the 
conduit  i^art  was  commenced,  except  i)erhaj)s  in  a  few  places,  and  the 
compression  or  crushing  of  the  masonry  itself  could  not  have  been  in- 
creased to  any  considerable  extent  between  the  time  that  the  aqueduct 
was  complete  and  when  it  had  been  subsequently  filled  with  water.  The 
fine  hairline  cross  cracks,  which  exhibited  themselves  occasionally  for 
a  few  years,  showed  that  there  was  more  compression  in  these  artificial 
than  in  the  solid  rock  foundations. 

The  conduit  at  that  time  was  not  unfrequently  filled  to  within  2  feet 
of  the  iutrados  of  the  upi^er  arch,  and  therefore  the  load  upon  its 
bottom  and  the  foundation  walls  was  only  2  per  cent,  less  than  has,  since 
that  time,  been  imposed  by  the  "  full  flow  of  water."  This  increase  has 
been  gradually  reached  after  many  years,  and  is  now  too  inconsiderable 
to  produce  any  appreciable  increase  of  settlement ;  but  if  it  did  have 
such  an  effect  it  would  have  been  shown  as  in  the  previous  caeies  by 
transverse  cracks,  and  only  at  the  considerable  and  abrupt  changes  in 
the  elevation  of  the  supporting  walls. 

The  fractures  described  by  Mr.  Church  are  all  longitudinal  and 
extend  over  the  125  jiieces  of  embankment,  which  are  from  "100  to 
1  400  feet  in  length,  and  from  10  to  40  feet  in  height." f 

When  the  aqueduct  is  full  of  water,  the  load  which  it  im^^oses  upon 
the  invert  is  luit  one-tenth  as  much  as  that  which  the  side  walls,  top 
arch  and  the  sloijing  prism  of  earth  above  them  impose  upon  their  bases. 
The  inverted  arch  and  concrete  distribute  each  of  these  weights  nearly 
equally  over  the  top  of  the  foundation  walls,  and  the  more  equally  Avheu 
there  is  the  most  water  in  the  conduit. 

We  must  therefore  conclude  that  the  longitudinal  fractures  described, 
have  not  been  produced  by  the  settlement  of  the  foundation  walls,  or  by 
the  crushing  of  the  stone  of  which  they  are  formed. 

The  fractures  at  the  bottom  are  described  as  extending  through  the 
brick  and  concrete  and  allowing  the  water  to  escape  through  the  dry 
masonry  below  ;  and  in  another  place  it  is  stated  that  the  more  thorough 

*  I  speak  from  frequent  personal  observations  made  during  the  whole  building  of  the 
work,     t  i'uae  109. 
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drainage  "  to  a  certain  degree  has  p]-evented  the  further  settlement  of 
foundations."*  These  remarks  are  significant  of  another  cause  for  the 
fractures  than  any  -which  have  been  mentioned  by  the  writer.  His  ex- 
pression by  "  the  friction  from  minute  but  constant  movemejit  always 
existing  in  dry  foundations,"  f  is  not  very  explicit ;  but  from  oral  state- 
ment, I  understand  him  to  mean  that  these  foundation  walls  laid  dry, 
under  the  ciicumstances  of  this  case,  are  always  subject  to  a  minute  but 
constant  movement  of  the  stones  (forming  the  wall)  upon  each  other, 
the  friction  of  which  produces  a  minute  settlement  and  spreading  of 
the  wall. 

As  has  been  previously  stated,  90  i^er  cent,  of  the  whole  weight, 
which  rests  upon  the  foundation  walls,  has  been  a  constant  load  from 
the  day  when  the  aqueduct  was  finished,  and  the  added  loail  of  water 
has  been  almost  a  constant  throughout  each  year,  excejit  when  in  the 
earlier  use  of  the  work,  the  Avater  was  once  a  year  drawn  off  and  re-filled, 
which  the  paper  states  now  requires  thirty  hours  ;  that  is,  the  lessened  or 
increased  load  obtained  each  hour  was  but  0.25  per  cent.  In  latter  times, 
whenever  a  "  full  flow  of  water"  was  drawn  off  and  the  conduit  refilled, 
the  lessened  or  increased  load  jDcr  hour  was  but  0.33  laer  cent  ;  and  these 
changes  may  have  occurred  several  times  in  some  years.  These  very 
small  changes  in  the  weight  imposed  upon  the  foundation  walls,  brought 
on  so  slowl}^,  could  not  have  produced  any  lateral  movements  among  the 
stones,  so  as  to  have  caused  any  friction,  wear  or  settlement.  This 
almost  constant  load,  almost  equally  distributed  over  the  top  of  these 
well  binded  walls,  would  have  no  tendency  to  spread  the  Avails,  nor 
would  that  efi'ect  be  jiroduced  by  the  small  settlement  either  at  the 
bottom  or  in  the  very  small  amount  of  crushing  of  the  stone,  under  a 
Aveight,  already  stated,  at  1.5  tons  per  square  foot  at  the  top. 

The  writer  expresses  an  opinion  that  the  fractures  are  in  pnrt  due  to 
the  "  lateral  hydrauHc  pressure  of  full  Avater  flow  ;"  and  in  another 
place  also  in  part  due  to  the  yielding  of  the  side  Avails  Avhich  avi  re  not 
thick  enough  to  resist  the  lateral  pressure  of  the  water.  These  side 
Avails  do  not  appear  to  have  been  fractured,  and  their  Aveight,  including 
that  of  the  toj?  arch,  and  the  earth  perpendiculaily  above  them,  is 
considerably  greater  than  the  weight  of  a  "full  flow  of  Avater"  in  the 
aqueduct.  In  addition  to  this,  is  the  cementing  adhesion  between  the  side 
walls  and  the  bottom  and  of  the  earth  outside  of  them.  As  the  aqueduct 
resisted  the  force   of   the  water  jiressure  when  nearly  full,   say  twenty 

*Page  109.        tPage  107. 
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years  ago,  and  from  tlie  above  considerations,  it  is  evident  that  the  small 
increase  now  could  not  have  produced  the  fractures. 

The  paper  is  useful  in  calling  attention  to  an  apparent  failure  of  a 
portion  of  one  of  the  best  planned  and  built  hydraulic  works,  from  al- 
leged defective  design  or  execution,  and  when  we  have  ascertained  all  of 
the  circumstances  which  could  not  have  produced  the  failure,  we  have 
almost  arrived  at  those  which  could  or  did  produce  it. 

The  writer  shows  how  imj^ortant  it  is,  to  have  stop  gates  in  the  aque- 
duct since  it  has  been  found  necessary  to  draw  off  the  Avater  to  repair  the 
fractures  which  he  has  spoken  of.  The  wonder  is,  that  such  gates  were 
not  put  in,  as  soon  as  these  accidents  began  to  occur.  Suitable  gates 
to  perform  this  service  could  have  been  put  in,  at  any  time  during 
the  period  the  water  was  drawn  off,  and  thereafter  would  have  saved 
the  loss  of  half  a  day's  present  consumption  of  water  whenever  a  similar 
accident  occurred. 

The  suggestion  that  arrangements  should  be  made  to  supply  the  dis- 
tributing pipes  directly  from  the  aqueduct  whenever  necessary,  instead 
of  passing  through  the  reservoir,  is  judicious,  and  is  now  generally 
adopted.  It  must  be  remembered  that  the  great  reservoir  in  Central 
Park  was  built  for  the  storage  of  water,  and  that  if  it  is  only  to  be  used  to 
maintain  the  full  head  upon  the  distributing  pipes,  its  value  for  storage 
is  nearly  destroyed. 

In  conclusion,  I  am  of  the  opinion  that  the  complete  success  of  the 
Croton  Aqueduct,  for  so  many  years  without  any  failures,  is  the  best 
proof  that  it  was  correctly  planned  and  executed  for  the  purposes  for 
which  it  was  designed. 

Mk.  Galen  A.  Peap.sons.* — Cast  iron  pipes  of  sufficient  streng  tto 
resist  the  whole  lateral  pressure  of  water  in  the  aqueduct  can  be  drojjped 
over  and  secured  to  it,  in  no  wise  interfering  with  the  masonry,  at  a  cost 
j)robably  not  exceeding  $3  per  lineal  foot  of  the  aqueduct  so  treated. 

The  aqueduct  can  be  stopjied  without  gates,  at  any  desired  place, 
without  difficulty,  provided  its  strength  is  sufficient  to  resist  the  pressure 
that  would  bear  upon  the  locality  when  stopped.  This  can  be  done  by  a 
Ijortable  apparatus,  no  part  of  which  need  be  too  heavy  to  ba  handled  by 
one  man,  and  can  be  placed  in  position  before  closing,  so  that  no  inter- 
ruptions of  flow  will  take  place  till  desired. 

I  have  set  meters  in  localities  where  the  difficulty  of  protection  from 
frost,  cost  of  maintenance  and  attention,  was  more  than  could  be  com- 

*  Presented  April  10th,  1S76. 
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poiisated  by  rental.  Many  such  localities  must  exist  among  the  many 
thousand  meters  which  would  be  required  in  New  York.  The  district 
meter,  as  used  in  Liveri^ool,  has  induced  close  economy  of  consumption 
at  far  less  cost,  and  has  the  advantage  of  detecting  and  measuring  leaks 
in  the  main  as  well  as  in  the  service  eonnections. 

Me.  Joseph  P.  DA^^s.* — In  the  paper  under  discussion,  a  number  of 
matters  of  interest  connected  with  the  construction  of  water  works  and 
the  maintenance  of  the  supply  are  brought  before  the  Society. 

In  speaking  of  the  existing  Croton  Aqueduct,  the  writer  calls  attention 
to  the  fact  that  where  carried  across  valleys  and  ravines,  it  has  a  founda- 
tion of  dry  rubble  masoniy,  and  that  at  such  j)laces  there  has  been  a 
Literal  movement  of  the  aqueduct  masonry,  opening  cracks  Avliich  are 
sources  of  anxiety  and  danger.  He  suggests  that  if  the  dry  work  had 
been  provided  with  a  cap  of  solitl  masonry  3  feet  thick,  and  the  side 
walls  of  the  aqueduct  had  been  made  correspondingly  heavy,  the  trouble 
would  not  have  arisen.  It  is  unquestionably  true  that  if  the  foundation 
be  made  unyielding,  and  the  side  walls  of  sufficient  weight  to  resist  the 
thrust  of  the  top  arch  with  its  load  of  eaith  and  the  lateral  pressure  of 
the  water  in  the  aqueduct,  without  aid  from  the  earth  backing,  the  dan- 
ger of  side  movement  will  be  obviated.  But  such  construction  is  costly, 
and  appears  to  me  to  be  practically  unnecessary. 

The  city  of  Boston,  to  obtain  an  additional  supply  of  water,  is  now 
building  a  conduit  leading  from  Sudbury  river,  which  is  to  be  nearly  17 
miles  long,  and  which  crosses  several  valleys  varying  in  depth  below  the 
gTade  line  from  a  few  feet  to  37  feet,  a  few  of  them  being  several  hundred 
feet  across. 

It  was  at  first  determined  to  carry  the  conduit,  at  these  places,  upon 
concrete  arches  supported  upon  piers  of  the  same  material,  the  whole 
covered  with  earth  ;  but  a  further  consideration  of  the  matter,  and  an 
examination  of  the  condition  of  the  Cochituate  Aqueduct  (built  28  years 
ago)  where  on  embankments,  led  to  a  change  of  plan,  and  it  is  now  pro- 
posed to  support  the  conduit  upon  carefully  prepared  embankments, 
without  masonry  foundation  of  any  kind. 

It  Avas  thought :  first,  that  with  good  material  and  careful  wetting 
and  rolUng,  an  embankment  could  be  made  which  would  be  as  firm  and 
unyielding  as  the  natural  earth  ;  and,  second,  that  in  case  the  material 
should  not  at  all  places  prove  of  the  best  quality  for  compacting,  still  an 
embankment  could  be  made  which  would  settle  but  slightly,  and  the  set- 


*  Presented  at  tlie  Eighth  Annual  Convention. 


266 


tling  -would  be  uniform  on  any  cross  section  (none  of  tlie  embankments 
are  on  side  bills — at  sucli  places  I  should  use  masonry)  and  woiild  vaiy 
so  gradually  along  the  length  of  the  bank,  that  there  would  l^e  no  break- 
ing up  of  the  masonry. 

With  a  rigid  foundation  under  the  conduit,  the  earth  back-filling,  in 
its  movements — either  by  settling  or  by  the  action  of  the  weather — is 
drawn  away  from  the  masonry  and  leaves  the  side  walls  to  resist  alone  the 
thrust  of  the  covering  arch  and  contained  water. 

Where  the  conduit  rests  upon  the  embankment  itself,  the  whole  struc- 
ture settles  together,  if  there  is  any  settling,  and  the  external  pressure 
upon  the  side  walls  is  increased  rather  than  diminished. 

The  Cochitnate  Aqueduct  is  carried  upon  embankments  without  other 
foundation.  One  of  the  embankments  is  50  feet  high,  having  a  depth 
of  about  38  feet  below  grade  line.  The  aqueduct  is  egg-shaped  Avitli  the 
large  end  down,  and  consists  of  a  ring  of  brick  masonry  8  inches  thick. 
Its  internal  height  is  6  feet  4  inches,  and  its  greatest  internal  w'.dth  is  5 
feet.  No  change  was  made  in  the  cross  section  of  the  masonry  where  it 
rests  on  the  embankments,  therefore  the  bottom  arch  has  no  other  sujo- 
port  than  the  surrounding  earth.  There  has  been  a  change  of  form  both 
on  embankments  and  in  cuts.  The  amount  of  change  on  the  deep  embank- 
ment mentioned  above,  will  be  shown  by  the  f<5llowing  figui-es,  the  re- 
sults of  measurements  made  in  1874: 


Station. 

Dimensions. 
Feet. 

Station. 

Dimensions. 
Feet. 

Station. 

Dimensions. 
Feet. 

1C6  +  75 

6.27X5.U 
6.19X5.21 

107X50.... 
107X85.... 

(5.04X5.24 
5.98X5.44 

109 

6.15X5-21 

Cracks  have  opened  in  the  top  and  bottom  of  the  aqueduct,  but  there 
has  been  very  little  settling  of  the  bank. 

It  is  impossible,  Avitht)ut  cementing  the  interior,  to  build  water-tight 
work  with  8  inches  of  brick  masonry;  and  even  if  it  were  possible,  there 
will  always  be  a  sufficient  change  of  form  in  such  construction,  after  the 
centres  are  struck  and  the  earth  covering  applied,  to  open  cracks  through 
which  a  considerable  leakage  will  take  place.  If  the  embankment  be 
made  with  loose  material,  the  leakage  will  wash  the  finer  particles  into 
the  interstices  of  the  coarser,  and  the  masoni-y  will  settle  somewhat. 

Such  has  been  the  action  at  the  high  embankment,  and  by  probing 
through  the  cracks  it  was  found  that  hollow  spaces  existed  under  the 
invert.     A  portion  of  the  invert  was  cut  out,   about  two  years  ago,  and 
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replaced  with  new  work;  but  by  an  examinatiou  made  May  27tli  last,  I 
fomid  that  cracks  have  opened  again,  and  that  hollow  spaces  have  formed 
nnder  the  masonry  as  before,  causing  a  condition  of  things  that  is  both 
troublesome  and  dangerous. 

The  condition  of  the  aqueduct  upon  other  emliankments  is  generally 
good;  at  one  other,  made  of  equally  loose  material  there  has  been  con- 
siderable change  of  form,  but  not  more  than  has  occurred  in  many  of 
the  cuts. 

The  high  embankment  consists  of  loose  gravel  and  sand,  and  was 
made  without  rolling.  It  was,  however,  brought  up  in  layers  kept  vvell 
watered,  and  was  much  traveled  over  with  carts  during  construction.* 
Had  there  been  sufficient  binding  material  with  the  gravel,  and  bad 
means  to  conduct  away  the  leakage  been  provided,  I  think  no  harmful 
change  would  have  taken  place. 

The  following  is  tlie  specification  under  which  the  Sudliury  river  con- 
duit embankments  are  made  : 

"  All  embankments  and  filling  below  grade  lines  shall  be  made  with 
apijroved  material  in  6  iucli  horizontal  layers,  thoroughly  wet  and  rolled 
with  heavy  grooved  rollers,  or  rammed  in  places  where  tlie  roller  cannot 
be  effectively  used.  They  shall  be  brought  up  to  grade  during  the  first 
season  of  the  work,  and  shall  be  allowed  to  stand  all  winter  (or  until  the 
engineer  is  satisfied  as  to  their  firmness),  before  building  any  masonry 
upon  them." 

A  number  oS  the  embankments  were  raised  a  considerable  height  last 
season.  In  the  fall,  before  frost  set  in,  iron  rods  4  feet  long,  each  pro- 
\dded  with  a  disk  at  the  bottom,  5  inches  in  diameter,  were  set  into  the 
earth  with  their  tops  about  one  foot  below  the  surface,  and  levels  were 
taken  upon  them.  At  some  points,  wooden  plugs  about  2h  feet  long,  were 
driven  beside  the  rods,  to  ascertain  the  effect  of  frost  near  the  surface. 

Levels  have  been  taken  again  this  spring  which  show  that  as  a  whole 
there  has  been  an  increase  in  the  bulk  of  material,  rather  than  a  settling,, 
as  will  be  seen  by  the  following  : 

1\  WAB.\N  BANK. — Maximum  depth  of  made  bank,  11  feet.  Bank 
formed  with  good  binding  gravel,  requiring  hard  j)icking  in  the  trench. 
It  rolled  to  very  hard  and  solid  surfaces,  differences  of  levels  in  fall 
and  spring. 

-1-0.031,  -1-0.013,  —0.009,  -^0.013  feet. 

2".  fuller's  brook  bank. — Maximum  depth  of  made  bank,  17  feet. 
Bank  formed  with  good  sand,   not  very  coarse  (good  building  sand),  a 

*  In  the  description  of  the  works,  it  is  said,  the  embankment  was  formed  with  puddled  gravel. 
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little  gravel  l)eing  useJl  in  tlie  upper  courses.  The  roller  had  not  much 
effect  in  compuctiug.  Ditterence  of  levels  in  fall  and  spring.  Deepest 
part  of  bank : 

40.010,  -10.002,  —O.OOG, —0.013  feet. 

3'.    Ai>:\is  HOUSE  BANK. — Maxiiniim   depth    of  made   bank,    19    feet. 
^^  ^_        Bank  formed  entirely   of   course  sand 

■with  occasional  layers  of  fine  gravel, 
pea  size.  Difference  (in  feet)  of  levels 
ill  fall  and  spring  : 


y.  1 

H 

H 
'XL 

Plug. 

EOD. 

:  ^- 

0 

'1 

1 

PLt-G. 

Rod. 
—  0.010 

H 

H 

Plvg. 

Rod.' 

+  0.013 

1b 

+  0.018 

1 

0.000 

—  0.132 

-1-0.050     , 

—  0.006 

-^0.006 

-L  0.005 

-i- 0.047 

—  0.004 

—  0.011 

-- 0.007 

—  0.005 

A  ; 

4-0.018     ' 
-]-0.03-t 

—  0.018 

C 

1 

+  0.003     i 

—  0.003 

4-.  hikd's  bank. — Maximum  depth  of  made  bank,  18  feet.  Bank 
formed  of  loose  coarse  gravel  with  a  little  binding  material.  The  orig- 
inal levels  Avere  taken  in  November,  1875  ;  two  sets  were  taken  this 
spring.     Difference  (in  feet)  of  levels,  in  fall  and  spring  : 


Feb.  13,  1876. 

March  30,  187G. 

Feb.  13,  1876.      March  30. 1876. 
• 

(   Plug 

-   0.042 

RoJ 

:  0.008 

0.008  1 

\   Rod 

0.005 

Phi- 

-0.03S 

0.022  1 

^    Plug 

0.024 

^0.024 

1  *  i   ^'"^' 

-  0.(59 

-0.077  1  1 

I   Rod 

i            -;  0.000 

-;  O.O03 

I   Rod 

-.  O.OOG 

0.C03  1  1 

*  (    ^''"^' 

-0.028 

0.029  1 

i      (  Rod 

4  0.004 

O.OOOJ 

5°.  Welch's  ba.slk. — Maximum  depth  of  made  bank,  10  feet.    Bank 
formed  of  good  gravel.     Difference  (in  feet)  of  levels  in  fall  and  siJiing: 


Feb.  1,  1876.    i  March  30,  1876. 


Feb.  1,  1876. 


Plug 
Rod 
Rod 


-,  0.084 
—0.001 
+0.003 


—0.001 
—0.011 


Rod 

Phi" 


March  30. 1876. 


—0.010 

—0.018 
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Althougli  tlie  disks  ou  the  rods  Avere  set  some  5  feet  below  the  sur- 
face, it  is  possible  they  were  slightly  disturbed  by  frost. 

Mr.  Church's  i^roposition  to  divide  the  pipe  distribution  of  a  large 
city  into  districts,  each  supplied  by  a  sej)arate  main,  is  correct  in  princi- 
ple, and  would,  as  he  says,  secure  a  comparatively  uniform  distribution  of 
water,  but  it  does  not  appear  to  me  that  a  comi^lete  isolation  of  each  dis- 
trict— except  perhaps,  where  there  are  marked  differences  of  elevation — is 
t'ither  essential  or  desirable.  No  main  should  be  tapped  however,  until 
it  reaches  its  own  district.  Isolation  of  districts  involves  either  a  dupli- 
cation of  pi^Des  in  many  streets  or  the  great  inconvenience  and  nuisance 
that  arise  from  "  dead  ends." 

I  have  found  that  where  the  distributing  jDipes  in  a  city  have  been  laid 
from  year  to  year,  in  short  lengths  at  a  time  and  without  reference  to  any 
general  system,  much  can  be  done  to  remedy  the  unequal  pressures  that 
AviU  be  found  to  obtain,  by  laying  sub-mains  from  12  to  20  inches  in 
diameter,  and  by  regulating  the  flow  by  the  street  valves.  Considerable 
work  of  this  nature  has  been  done  in  the  city  of  Boston  since  the  great 
fire  of  1872,  (when  there  were  bitter  complaints  of  short  supply,)  with 
very  marked  and  beneficial  effect. 

His  remarks  upon  the  waste  of  Avater,  every  engineer  who  has  had 
experience  in  the  management  of  water  works,  wiU  heartily  indorse.  The 
time  is  coming,  undoubtedly,  when  large  cities  will  be  forced  to  use 
meters  very  generally,  no  matter  how  costly  their  introduction  may  be, 
and  it  should  be  noted  that  their  cost  cannot  exceed,  and  in  most  cases 
will  fall  short  of  that  of  enlarged  mains  and  distributing  pii^es  required 
to  supply  useless  waste. 

This  is  a  subject  that  cannot  receive  proper  treatment  in  a  short  j^aper, 
I  will  therefore  content  myself  with  referring  to  my  Annual  Eeport  of 
1873,  to  show  how  great  and  how  useless  the  night  waste  often  is.* 


*  Included  in  Report  of  the  Cocliituate  Water  Board  to  the  City  Council  of  Boston,  for 
the  year  ending  April  30th,  1874. 

"  On  July  20,  observations  were  made  at  the  Beacon  Hiil  reservoir,  to  determine  the  rate 
of  night  consumption,  or,  more  properly  speaking,  the  rate  of  waste  in  a  certain  district  of 
the  city." 

"  This  district  comprises  what  is  called  the  west  end,  north  end  and  burnt  district,  and 
contains  not  far  from  60  UOO  inhabitants.  In  it  are  located  many  of  the  manufacturing  houses, 
principal  hotels,  newspaper  offices,  printing-houses,  etc.,  of  the  city  ;  but  at  the  time  selected 
for  the  experiment,  between  twelve  and  three  o'clock,  Sunday  morning,  the  legitimate  use  of 
water  must  have  been  very  small." 

"  This  section  was  shut  off  from  all  communication  with  the  Bvookline  and  Chestnut  Hill 
reservoirs,  by  gates  on  Bedford,  Washington,  Tremont,  Charles  and  other  streets,  and  fed 
exclusively  from  Beacon  Hill  reservoir.  The  leakage  through  the  gates,  if  any,  must  have 
been  inappreciable,  as  the  pressures  on  opposite  sides  could  have  differed  but  slightly." 
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Mr.  J.  James  R.  Croes. — The  pajDer  under  consideration,  and  the  re- 
marks, it  has  called  forth,  contain  much  that  is  worthy  of  serious  thought. 

I.  It  is  shown  that  aqueducts  which  depend  for  stability  upon  a  com- 
bination of  earth  work  and  masonry,  neither  of  which  alone  is  of  suf- 
ficient strength  to  resist  the  pressure  of  the  full  flow  of  water,  are  not 
durable.  The  Croton,  the  Cochituate,  and  the  Washington  Aqueducts 
have  cracked  longitudinally  under  these  conditions. 

These  cracks  occur  only  on  embankments,  and  it  is  stated  that  each 
longitudinal  crack  is  usually  preceded  by  a  transverse  crack  at  the  ends 
of  the  embankment.  This  has  occurred,  as  well  when  the  masonry 
rested  on  a  base  of  rubble  stone  laid  dry  (as  in  the  Croton  Aqueduct),  as 
when  it  rested  on  rammed  earth  alone  (as  in  the  Washington  Aqueduct). 

The  primary  cause  is,  therefore,  insufficient  compacting  of  the  sup- 
porting embankment.     This  accounts  for  the  transverse  cracks. 

The  longitudinal  cracks  arise  from  the  lateral  yielding  of  the  conduit 
or  tube,  under  interior  pressure.  The  masonry  settles  away  from  the 
superincumbent  earth,  which  being  well  rammed,  is  compact,  and  on 
which  there  is  not  sufficient  jjressure  to  break  the  bond  it  has  in  itself 
and  cause  it  to  follow  the  masonry,  which  has  a  smooth  plastered  ex- 
terior surface.     The  masonry  relieved  of  external  pressiire  is  split. 

The  bond  between  the  earth  and  masonry  being  once  broken,  every 
slight  change  of  relative  position  of  the  two  masses,  whether  from  addi- 

"  Observations  were  commenced  at  midnight,  and  readings  of  the  gauge  taken  every  15 
minutes.  At  the  first  of  the  experiments  the  consumiition  was  found  to  be  somewhat  irregular, 
but  between  one  and  three  o'clock  it  was  remarkably  uniform,  showing  that  the  draft  was  not 
due  to  irregular  opening  aod  shutting  of  cocks,  but  to  a  continuous  flow  at  almost  unvarying 
outlets." 

"  There  were  drawn  from  the  reservoir  during  these  two  hours,  38G  857  gallons,  equal  to 
a  rate  of  4  642  284  gallons  in  24  hours.  This  enormous  rate  of  night  consumption  indicated 
either  a  heavy  leakage  or  great  waste.  A  party  of  inspectors  was  at  once  organized,  under  the 
direction  of  Mr.  Joseph  Whitney,  of  Cambridge,  who,  from  experience  gained  on  the  Cambridge 
Water  Works,  was  particularly  qviilifled  for  this  work,  and  a  careful  inspection  of  all  the 
fittings  in  the  district  was  made,  and  the  street  mains  were  tested  for  leaks  in  various  ways. 
No  leaks  were  discovered  in  the  mains,  but  many  hundreds  of  defective  fittings  were  found  and 
repaired,  and  some  leaks  in  the  house  service-pipes  detected  and  stopped.  Before  the  exam- 
ination was  concluded,  however,  it  became  manifest  that  much  the  greater  portion  of  the  night 
consumption  was  caused  by  waste;  that  is,  by  flow  through  open  fittings.  All  the  leaks  that 
could  be  discovered  having  been  slopped,  a  second  observation  was  made  on  Sunday  morning, 
October  5th;  between  the  hours  of  twelve  and  three,  as  before.  The  water  in  the  reservoir  at 
the  commencement  of  the  trial  stood  at  the  same  height  as  on  the  morning  of  July  20." 

"  There  was  a  slight  wind  blowing  at  the  time  of  the  latter  trial,  which  caused  an  oscilla- 
tion in  the  gauge  tube,  and  the  readings  were  not  so  satisfactory  as  those  of  July.  Durin.;  the 
three  hours  of  observation  the  water  fell  2  feet  4|  inches,  showing  a  consumption  of  50G  182 
gallons,  which  is  at  the  rate  of  4  049  4.)G  gallons  in  24  hours.  The  consumption  between  one 
and  three  o'clock  was  336  294  gallons,  or  at  the  rate  of  4  035  528  gallons  in  24  hours,  showing  a 
small  saving,  about  13  per  cent.,  caused  by  the  repairs  made." 

Note.— The  Beacon  Hill  reservoir  is  a  stone  structure,  supported  at  a  considerable  height 
above  the  street  level,  on  arches.  As  it  has  a  small  water  area  and  nearly  vertical  sides  and  as 
any  leakage  can  be  readily  detected,  it  forms  an  excelleht  measuring  tank. 
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lional  settlement  of  the  base  or  from  variations  of  temperature  Avhieli  af- 
fect the  ground,  renews  or  enlarges  the  crack  in  the  masonry. 

The  only  ettectual  remedy  for  such  leaks,  seems  to  have  been  the  in- 
creasing of  the  thickness  and  weight  of  the  covering.  In  cases  on  the 
Crofon  Aqueduct  where  the  outside  protection  walls  have  been  raised 
and  strengthened,  and  on  the  Washington  Aqueduct  where  the  earth 
bank  has  been  raised  and  widened,  the  leaks  have  ceased. 

The  recent  removal  of  portions  of  the  Croton  Aqueduct  on  embank- 
ment, within  the  city  of  New  York,  has  afforded  an  excellent  oppor- 
tunity for  observing  the  extraordinarily  good  character  of  the  masonry 
laid  forty  years  ago,  which  Ave  would  do  well  to  imitate,  and  the  portions 
of  the  design  which  we  should  be  careful  not  to  follow. 

Across  a  valley  2  000  feet  long,  the  aqueduct  was  cai'ried  on  an  em- 
bankment, which  at  its  greatest  height  is  50  feet  above  the  surface.  The 
exterior  width  of  the  aqueduct  masonry  at  bottom  is  12  feet  1  inch.  This 
rests  on  a  bearing  wall  of  large  unwrought  stone  laid  uj)  dry  in  2  feet 
courses,  with  the  interstices  filled  with  small  stone.  At  the  bottom  of 
the  aqueduct  the  structure  is  30  feet  wide,  the  face  w^alls  being  of  stone 
with  dressed  joints  laid  in  mortar  for  one  foot  from  the  face.  These 
walls  have  a  face  batter  of  1  in  12,  and  are  carried  up  to  within  14  inches 
of  the  crown  of  the  arch.  The  sjjace  between  these  walls  and  the  foun- 
dation and  aqueduct  is  filled  with  dry  rubble  up  to  2  feet  above  the  bot- 
tom of  the  aqueduct,  and  above  that  with  earth  which  is  continued  to  4 
feet  over  the  crown,  the  bank  at  the  top  being  there  8  feet  wide,  and 
having  slopes  of  2  to  1. 

The  effect  of  time  on  this  structure  has  been  as  follows  : — Where  the 
Taank  is  40  feet  high,  the  dry  stone  foundation  has  settled,  the  aqueduct 
has  split  longitudinally  at  top  and  bottom,  the  earth  has  worked  down 
among  the  loose  stone,  the  face  wall  on  each  side  has  spread  1-^  inches  at 
the  base,  2i  inches  at  bottom  of  the  aqueduct,  and  has  fallen  in  2  inches 
at  toj).  Where  uneven  settlement  of  the  foundation  occurred,  the  con- 
crete base  of  the  aqueduct  is  in  places  unsupported  for  several  feet. 

The  suggestion  made  by  one  member,*  that  the  failures  may  be 
chargeable  to  misapplication  of  the  structure  to  purposes  for  which  it 
was  not  designed,  is  not  sustained  by  facts,  nor  even  by  theory. 

The  practical  conclusions  to  be  drawn  from  the  facts  stated  in  the 
fi]-st  part  of  Mr.  Church's  paper  and  the  discussions  thereon,  are  : 

1°.  The  support  or  foundation,  and  the  coveriug  of  a  masonry  con- 
duit should  be  of  homogeneous  material,  sufficiently  compacted  to  pre- 

*  Page  261. 
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vent  any  but  very  slight  settlement.  Either  solid  masonry  or  Avell  rolled 
and  rammed  earth  embankment  fulfil  these  conditions.  A  dry  rubble 
stone  support  and  earth  covering  do  not  fulfil  them. 

2°.  The  conduit  itself  must  either  be  strong  enough  to  resist  the 
thrust  of  the  full  flow  of  water,  or  must  be  covered  to  such  depth  that 
there  will  be  below  the  point  to  which  the  action  of  the  frost  extends,  an 
amount  of  covering  material,  sufficient  to  supplement  the  deficient  re- 
sisting power  of  the  masonry. 

30.  It  appears  that  both  on  the  Croton  and  Cochituate  Aqueducts, 
serious  difficulties  occur  in  consequence  of  cavities  under  the  conduit, 
caused  by  leakage.  This  shows  the  necessity  of  some  system  of  under 
drainage  on  embankments. 

II.  The  question  is  asked  several  times  in  the  discussions  :  why  stoj)- 
gates  have  never  been  put  in,  as  suggested  by  Mr.  Church  ?  To  this 
no  reply  has  been  made.  Possibly  a  reason  for  this  omission  may  be 
found  in  the  fact  that,  in  the  management  of  New  York  finances,  the 
appropriations  asked  for  by  engineers  are  annually  revised  by  non- 
professional Commissioners,  readjusted  by  a  Board  of  Apportionment 
consisting  of  four  non-professional  officials,  amended  by  an  elected 
Board  of  Aldermen,  and  finally  settled  by  the  Board  of  Apportionment. 
By  the  time  the  estimates  for  "  aqueduct  repairs  and  improvements  "  for 
the  ensuing  year  have  passed  through  this  ordeal,  they  are  generally 
reduced  to  a  sum  barely  sufficient  for  only  ordinary  expenses.  There 
may  be,  however,  other  reasons  which  are  not  known,  but  it  does  not 
seem  possible  that  among  them  should  be  an  idea  that  the  value  of  such 
gates  would  not  equal  the  cost. 

III.  The  suggestion  made  regarding  arrangement  of  gate-houses  in 
the  reservoir,  so  as  to  feed  the  mains  direct  from  the  aqueduct,  appears 
to  be  good,  and  woiild  doubtless  be  efficacious  in  keeping  up  the  head 
in  the  higher  parts  of  the  city,  when  used  in  connection  with  the  suggested 
division  of  pipe  districts.  It  is  stated  that  the  question  of  such  an 
arrangement  was  discilssed  when  the  gate-houses  were  planned  in  1857, 
and  decided  adversely,  on  the  ground  of  excessive  expenditure,  and  as 
likely  to  be  iinnecessary  for  many  years  to  come.  The  same  misappre- 
hension of  the  probable  increase  of  consumption,  which  in  1848  caused 
the  laying  of  pipes  of  too  small  size  across  the  High  Bridge,  seems  to 
have  existed  in  this  case. 

IV.  The  prevention  of  waste  appears  to  be  the  most  difficult  problem 
to  handle,  for  it  involves  a  supervision  of  the  fittings  and  their  operations 
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iu  private  houses.  The  only  method  of  checking  this  Lavish  waste  is 
by  meters.  The  main  argument  against  them  seems  to  be  that  their 
introduction  will  encourage  the  disuse  of  water.  AYith,  however,  a  fixed 
minimum  nite,  as  in  Pi'ovidence,  this  argument  h;is  little  weight.  The 
waste  is  among  the  wealthier  classes  rather  than  among  the  poorer. 
The  adoption  of  meters  would  not  obviate  the  necessity  for  undertaking, 
at  the  earliest  possible  time,  the  construction  of  a  new  aqueduct  and 
additional  storage  reservoirs.  This  summer's  drought  has  exhausted  the 
present  storage  facilities.  A  second  reservoir  is  fortunately  approaching 
comj^letiou.     A  third  should  be  begun  at  once. 

The  concluding  sentence  of  Mr.  Church's  paper  is  calculated  to  mis- 
lead. He  says  that  fortunately,  the  Croton  river  offers  unlimited  supply 
for  all  future  demauLls.  On  the  contrary,  tlie  utmost  that  the  Croton 
river  can  be  depended  upon  to  supply,  even  with  a  complete  system  of 
storage  basins  retaining  every  particle  of  water  which  the  stream 
yields,  is  33  700  000  cubic  feet  per  day.  The  present  consumption  is 
stated  to  be  15  200  000  cubic  feet.  The  annual  rate  of  increase  of  con- 
sumption has  been,  according  to  official  statements,  5.8  per  cent,  since 
1863,  in  which  year  I  find  the  first  record  of  the  consumption  from  actual 
experiments. 

At  that  rate  the  limit  of  the  Croton  river  will  be  reached  in  fourteen 
years.  If  by  means  of  meters,  the  present  consumption  should  be 
reduced  to  only  8  000  000  cubic  feet  per  day,  the  rate  of  increase  would 
not  vary  from  that  which  has  prevailed.  The  limit  of  the  Croton  river's 
yield  would  in  that  case  be  reached  in  twenty-six  years.  Taking  into 
consideration  the  difficulties  of  reioressing  waste  and  of  storing  aU  avail- 
able yield  of  the  streams,  the  enormous  additional  pipeage  required  for 
supplying  the  more  scattered  population  of  the  suburban  wards,  which 
are  now  becoming  settled,  my  own  impression  is,  that  the  shorter  period 
is  more  likely  to  be  the  real  one,  and  that  this  century  will  see  an 
additional  sui^ply  of  water  introduced  into  New  York  from  another 
source  than  the  Croton. 

Mr.  Benjamin  S.  Church*. — The  object  of  the  paper  under  discus- 
sion was  to  suggest  certain  additions  and  changes  in  the  gate  houses  and 
pipe  distribution  whereby  repairs  of  the  aqueduct  would  be  facilitated, 
and  dangers,  present  and  future,  averted.  In  endeavoring  to  set  forth 
the  urgent  necessity  of  metering  the  city  as  the  only  successful  way  of 
stopping  reckless  waste  of  water  that  imperilled  the  daily  supply,  it  was 

*  Presen.ecl,  to  conclude  the  discussion. 


274 

necessary  to  state  tlie  condition  of  the  aqueduct,  and  briefly  as  jiossible, 
furnish  facts  upon  which  the  opinions  were  based. 

To  the  surprise  of  the  writer,  main  attention  has  turned  upon  that 
prohfic  source  of  discussion  in  the  profession — settlement  of  foundations 
causing  cracks  in  masonry.* 

The  effect  of  frost  in  relie\ing  the  sides  of  the  conduit  of  part  the 
pressure  of  earth  spoken  of  by  Mr.  Francis  f  was  suggested  by  the  writer 
many  years  ago  in  answer  to  inquiries  of  Mr.  Croes,  then  in  charge  of 
the  Washington  Water  Works,  as  to  the  cause  of  cracks  in  the  Croton 
Aqueduct.  When  the  embankment  is  in  a  i30sition  for  tlie  sun  to  concen- 
trate on  one  side,  frost  penetrates  to  a  gTeater  depth  on  the  part  con- 
stantly shaded,  thus  producing  a  still  more  serious  effect  in  disturbing 
the  balance  of  pressure. 

Mr.  Hutton  is  correct  in  the  surmise  that  in  light  cuttings,  on  good 
foundations,  the  cracks  are  wanting. 

Mr.  McAlpine's  statement  J  that  the  Croton  Aqueduct  has  been  followed 
"even  in  detail  of  plan  and  execution  "  on  all  similar  works  in  the 
United  States,  is  inaccurate.  His  reasoning  and  conclusions  from  consid- 
eration of  the  weight  of  the  aqueduct  and  Avater  contained  therein,  also 
superincumbent  earth,  are  hardly  applicable,  as  the  writer's  observation  § 
referring  to  the  minute  but  constant  motion  in  foundation  walls  was 
not  dependent  alone  upon  the  added  weight  of  the  aqueduct.  Thus  the 
conclusion  of  his  argument  does  not  logically  follow  "that  the  longi- 
tudinal fractures  described  have  not  been  produced  by  the  settlement  of 
foundation  walls,  or  by  crushing  of  stones  of  which  they  are  formed. 

Mr.  McAli^ine's  statement  respecting  the  variations  of  the  water  pres- 
sure, ||  viz.,  "  this  almost  constant  load,  almost  equally  distributed  over  the 
top  of  these  well  bonded  walls,  would  have  no  tendency  to  spread  the 
walls"  is  true  ;  but  the  spreading  of  the  walls  on  which  the  aqueduct 
masonry  rests  unquestionably  has  a  tendency  to  split  the  masonry, 
which  the  pressure  of  the  water  as  surely  augments.  His  remark  that 
' '  as  the  aqueduct  resisted  the  force  of  the  water  pressure  say  for  twenty 
years  ago,  and  from  the  above  considerations  it  is  evident  that  the  small 
increase  now  could  not  produce  the  fractures  is  very  true,"  but  it  can  and 
does  frequently  reopen  the  fractured  masonry.  His  concluding  sen- 
tence that  ' '  the  complete  success  of  the  Croton  Aqueduct  for  so  many  as 


*  The  writer  desires  to  ackuowledge  the  vaUiable  data  aud  results  of  experience  given  by 
Messrs.  Shedd,  Francis,  Hutton,  Davis,  Croes,  ete.,  who  corroborate  his  experience  ot  the  past 
seventeen  years,  as  Engineer  in  Charge  of  the  Croton  Aqueduct  Repairs  and  Maintenance, 
t  Page   258.  +  Page   2(iU.  §  Page   107.  W  Page   263. 
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twenty  years  ago  witbout  any  failure, "  is  not  borne  out  by  the  records  of 
the  Department  prior  to  that  date. 

A  serious  objection  to  dry  foundation  walls  as  a  support  for  aque- 
ducts, when  enclosed  by  earth  embankments,  is  that  they  act  as  blind 
drains,  collecting  earth  soakage  water  into  themselves  and  retaining  it, 
when  there  is  no  provision  for  its  escape,  and  when  they  rest  upon 
( arth,  softening  that  also,  causing  settlement,  as  well  as  tending  to  pro- 
mote disintegration.  Any  leakage  from  the  conduit  finds  its  way  into 
the  foundation  walls  as  well. 

Mr.  Pearson  remarks  ' '  that  the  aqueduct  could  be  stopped  with  gates 
at  any  desired  ^jlace  without  difficulty,  i^rovided  its  strength  is  sufficient 
to  resist  the  pressure  that  would  bear  upon  the  locality  when  stopped." 
The  Croton  Aqueduct  was  not  designed  to  bear  such  pressure,  and  wast- 
age ways  are  therefore  indispensable  in  conjunction  with  the  cross  gates. 

It  should  be  said,  before  closing,  that  the  daily  consumption  of  water 
given  in  the  paper,  includes  in  addition  to  the  amount  passing  through 
the  aqueduct,  which  was  at  that  time  about  105  000  000  gallons,  that 
Avhich  was  being  drawn  from  city  storage  in  the  reservoirs  which  were 
then  falling;. 


ON   IMPEOVEMENT   OF   THE    MOUTH   OF   THE   MISSISSIPPI 

EIVEK.* 

Mr.  Elmik  L.  Cobthell. — It  may  be  of  interest  to  state  that 
this  day,  one  year  ago,t  work  was  commenced  on  the  South  Pass  jetties. 
The  contractor,  James  Andrews,  of  Alleghany  City,  Pa.,  arrived  the  day 
before  with  a  stern  wheel  steamboat,  a  pile  driver,  and  a  few  workmen. 
Tliey  landed  among  the  reeds,  and  broke  down  the  tall  gTass  along  the 
lianks  to  find  a  place  for  their  anchor  in  the  soft  mud.  There  was  no 
house,  but  the  light-house,  within  several  miles,  and  with  swarms  of  mos- 
quetoes  and  sand  flies  and  the  oppressive  heat,  the  commencement  of 
the  work  was  anything  but  auspicious.  On  June  15th,  the  first  pile  was 
driven  for  the  wharf  at  Lands  End,  and  the  work  of  preparation  and  of 
actual  construction  went  forward  rapidly. 

It  is  my  privilege  to  give  you  the  results  that  have  been  reached  in 
the  twelve  months  intervening  between  that  day  and  this.  I  am  glad  to 
liud,  by  personal  conversation  with  members,  that  there  is  a  very  great 
interest  in  this  work,  and  as  the  generally  expressed  wish  is  for  facts,  I 

*  Referring  to  CXIV.  Notes  on  Impravemaut  of  the  MoutU  of  the  Mississippi,  W.  Milnor 
Itoberts  ;   Trausaclious,  Vol.  IV.,  page  3'2.        tOuue  loth,  1875. 
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■will  confine  myself  to  them  entirely,  and  leave  the  question  with  you,  as 
to  whether  they  are  favorable  or  otherwise  to  the  ultimate  success  of  the 
jetties.  Having  been  the  engineer  in  charge,  my  peculiar  work  has 
brought  me  into  contact  with  facts  and  actual  conditions  ;  and  the  rapid 
progi-ess  of  the  work,  with  the  consequent  arduous  field  and  office  duties, 
have  given  me  but  little  time  to  analyze  or  theorize  on  the  facts  brought 
daily  under  my  notice. 

Considering  the  fact  that  this  question  of  jetty  construction,  as  ap- 
plied to  the  mouth  of  the  Mississippi,  has  been  discussed  fully,  not  only 
in  engineering  circles,  but  also  by  the  general  press  of  the  country,  and 
in  pamphlets  and  Congressional  papers,  until  the  nation,  as  a  whole,  is 
familiar  with  the  various  theories  advanced  to  prove  and  disprove  the 
success  of  the  enterprise  ;  it  is  not  my  place  to  weary  you  with  a  disciis- 
sion  of  theories,  but  I  will  proceed  at  once,  after  a  brief  explanation  of 
the  work  to  be  done,  to  jjresent  what  facts  I  have. 

The  Mississippi  river,  Avhen  within  about  12  miles  of  the  Gidf, 
separates  into  three  rivers  or  passes,  and  thus  forms  the  Delta.  The 
three  passes  are  A'Loutre,  South  and  South-West.  The  South  Pass  is  the 
smallest  of  the  three,  though  the  central  one.  The  volume  of  water  car- 
ried to  the  Gulf  through  it,  is  but  12  jter  cent,  of  the  whole  vohime  of  the 
river.  Sotith-West  Pass  carries  about  58  per  cent.,  and  Pass  A'Loutre, 
with  the  smaller  passes  flowing  out  of  it,  carries  the  remainder. 

A  shoal  bar  exists  at  the  mouth  of  each  of  these  three  passes,  the  depth 
of  water  on  each  varying  generally  in  proportion  to  the  volume  carried 
to  the  Gulf  over  it.  This  bar  is  composed  entirely  of  sedimentary  mat- 
ter brought  down  liy  the  river.  The  water  issuing  from  the  i)asses,  no- 
longer  confined  by  banks,  spreads  out  on  either  side.  Tlie  velocity  di- 
minishes, the  sediment  drops,  the  bar  forms.  The  c^mtral  thread  of  the 
current  being  the  strongest,  and  the  water  being  the  deepest  there,  the- 
velocity  is  i^reserved  and  the  sediment  carried  out  much  further  than  in 
the  shoal  water  over  the  submerged  new  banks  of  the  pass.  The  outer 
crest  of  the  bar  is  thus  thrown  out  2i  miles  from  the  land's  end  at  the- 
South  Pass,  and  5  miles  at  the  South-West  Pass.  The  depth  on  the  bar  at- 
the  former  pass  was  7-^  feet  at  mean  low  tide,  and  at  the  latter  it  is  15  feet. 

The  principle  to  be  applied  to  deepen   the  channel  through  the  bar , 
was  a  concentration  of  tlie  volume  by  means  of  parallel  jetties  or  dykes. 
Whether  its  ai)plication  will  be  likely  to  produce  the  required  depth,  viz. : 
from  20  to  30  feet  balow  average  flood  tide,  you   can  judge  from  the  I 
facts  to  be  present  'd. 
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It  was  donbted  by  some  wliether  tho  material  composing-  the  bar; 
being  freshlj'  deposited,  would  have  sufficient  solidity  to  uphold  works- 
of  the  requisite  weight  and  strength  to  resist  the  servitudes  of  storm, 
waves  and  river  currents.  The  following  table  will  give  a  better  idea  of 
the  character  of  the  jetty  foundation  than  any  description. 

TABLE    I. 

Showing  Character  of  Foundation  of  Jetties  from  Record  of  Pile  Dri\-iug. 

Piles  from  8  to  20  feet  apart.     Distances  in  Table  are  from  Lands  End,  East  side  ;    piles  1(> 
inches  at  small  end  and  14  inches  at  large  end. 


T  T,  1  Weight  of         vj,  of  Averag 

Location  OF  Piles.  1   Hammer.    I      *l'i°i        of  Blow 


3  030  15.5 


Number. 
U.O 


Average 
depth 
Driven. 


Feet. 
16.7 


East  Jetty.  Pounds.  Feet. 

From  4  200  feet  to  5  500  feet 

"      7  200        "     12  100     "   

"      9  100         ■'       U3:0     "    3000  18. G  98.0         j         17.4 

"    11900         "     12100     "   3000  19.0  45.0         j         28.2 

West  Jetty.— Whole  length  of  same i       3  000  19.5  79.7                19.5 


Analysis  of  mimber  of  blows  for  different  depths,  approximate — 

Number  of  blows  Hrst  5   feet  driven,     4,     or   15  inches  per  blow 
"  "  next  6  "  20,     or   3.6        "         "        " 

"      4'.'         "  20,      "    2.7 

last    4  "  35.7,  "    1.3 

Average  distance  driven  at  last  blow,  .^j  inch. 

It  wiU  be  seen  from  this  table  that  at  about  9  300  feet  on  the  east 
jetty,  the  material  is  much  harder  than  elsewhere,  and  the  detailed  record 
of  the  pile  driving  on  the  west  jetty  shows  the  same  material  to  exist 
there,  at  the  same  distance.  The  channel  on  the  line  of  this  hard  mate- 
rial resisted  much  longer  than  that  of  any  other  locality  the  excavating 
power  of  the  current. 

The  following  table  illustrates  the  progressive  deepening  towards  the 
outer  bar.  The  contours  refer  to  the  plane  of  average  flood  tide  as  es- 
tablished by  Maj.  C.  B.  Comstock,  who  is  inspector  of  the  work  for  the 
United  States  government.  The  distances  in  all  the  tables  are  from  a- 
common  zero  point  at  Land's  End  at  the  commencement  of  the  east  jetty, 
and  from  a  triangiilation  station  named  East  Point,  established  by  Mr. 
Marindan  of  the  U.  S.  Coast  Survey,  whose  charts,  made  from  a  survey 
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terminating  in  May,  1875,  are  the  basis  on  wliicli  our  location  was  made, 
and  wliicb  we  still  nse  for  comparative  purposes. 

TABLE   II.* 

Record  of  Distances  in  Feet  through  the  Bar  between  the  Contour  Lines. 


u 

May, 

Dec. 

Jau'y. 

Feb'y. 

Mar.  17, 

Mar.  29, 

April, 

May, 

July  30, 

Aug. 

O 

1875. 

1875. 

1876. 

1876. 

1876. 

1876. 

1876. 

1876. 

1876. 

1876. 

12  Feet. 

4  305 

2  635 

750 

. 

0 

0  ■ 

0 

0 

0 

0 

15  " 

5  925 

4  400 

4  175 

2  175 

450 

50 

0 

0 

0 

« 

18  " 

7  000 

5  692 

4  483 

3  960 

2  575 

1180 

750 

175 

0 

0 

^0  •< 

9  635 

6  215 

5  425 

4  490 

3  255 

2  055 

2  200 

720 

75 

0 

^2  " 

5  270 
7  600 

3  995 
5  975 

1  952 
3  120 

1350 
2  750 

975 

_ 

2  550 



No  record  of  tlie  22  feet  and  24  feet  contours  was  made  prior  to 
March  29th,  1876. 

These  distances  embrace  all  portions  of  the  bar  that  rise  above  the 
contours  between  the  35  feet  depth  at  Lantl's  End  and  the  deep  water  out- 
side the  bar.  The  progressive  reduction  in  the  size  of  the  bar  is  gener- 
ally in  com^  arison  with  the  jjrogress  of  the  jetties,  especially  at  the  earlier 
dates.  The  surveys  from  which  this  and  tables  following  are  compiled 
are  madeiutl.o  most  thorough  manner,  and  with  no  effort  spared  to 
render  the  surveys  accurate  and  the  result  reliable. 

The  deepening  has  been  affected  by  the  ojieration  of  the  river  curren^ 
and  by  the  tides,  although  the  latter  in  this  portion  of  the  Gulf  are  diurm 
and  feeble,  having  an  oscillation  of  22  inches  only,  between  mean  lo'V 
water  and  mean  high  water,  yet  at  the  season  of  highest  and  lowest  tide 
the  scouring  power  of  the  current  is  considerably  augmented. 

Tables  III,  IV  (pages  279,  280),  show  the  progressive  depths 
the  line  of  deepest  water.  It  will  be  noticed  by  an  examination  of  thes 
tallies,  that  there  are  irregularities  in  the  progresive  depths  and  widths 
all  of  which  explain  themselves,  when  the  exact  condition  of  the  jetfc 
construction  is  known  and  the  manner  in  which  the  channel  is  made 
the  current  is  understood,  Plates  I  and  II  annexed  will  assist  in  furthe 
explaining  the  process  of  enlarging  the  section.  It  will  be  noticed  tba 
the  attempts  of  the  concentrated  volume  to  excavate  a  channel  wer 
peculiar  and  at  times  spasmodic,  that  a  desperate  attemjjt  to  deepen  tt 

*  This  aud  following  tables  have  bocu  enlarged  to  iucIiuU-  results  up  to  August  14,  1876. 
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TABLE    III. 

Peptlis  (I'oinparativc)  ia  Line  of  deepest  Watc-r,  in  Feet. 


1  000 
•2  000 

3  000 
:t500 

4  000 
4  .-,00 

r.  000 

.5  500 
GOOD 

6  600 

7  000 

7  484 

8  000 
8  200 

8  500 

9  000 
9.500 
9  900 

10  500 

11  000 
11  .500 

11  700 
11900 

12  000 
12  400 


May, 
1875. 


31.8 
21.0 


18. » 

18.0 

18.0 

18.0 

17.9 

IG.O 

14.3 

14.0 

13.0 

11.8 

11.0 

11.0 

10.9 

10.5 

10.8 

10.0 

9.5 

9.2 

9.2 

9.2 

11.8 

20.8 

31.0 

35.0 

Dec, 

Jun'y, 

Feb. 

March, 

1875. 

1876. 

1876. 

1876. 

37.0 

37.0 

38.0 

38.7 

28.3 

28.0 

28.0 

28.0 

22.8 

23.0 

23.0 

23.2 

22.5 

22.0 

21.8 

21.2 

20.0 

20.0 

20.0 

20.2 

i  22.3 

22.4 

22.5 

27.4 

23.3 

22.9 

23.5 

22.9 

23.0 

21.4 

28.5 

25.4 

19.8 

21.4 

23.3 

24.9 

18.8 

22.2 

22.6 

25.4 

1C.2 

18.1 

17.2 

23.2 

15.6 

20.1 

24.5 

23.4 

13.5 

14. G 

24.0 

22.5 

13.0 

14.1 

18.0 

18.0 

13.0 

14.5 

18.0 

18.2 

13.3 

13.1 

15.0 

20.4 

11.8 

13.0 

15.0 

18.0 

10.8 

11.0 

13.0 

17.4 

11.0 

12.6 

14.0 

16.0 

9.3 

12.0 

16.6 

18.7 

9.8 

12.0 

14.6 

18.0 

11.3 

12.0 

15.0 

15.9 

16.8 

17.0 

18.0 

15.0 

15.0 

18.0 

18.5 

19.0 

40.8 

34.2 

13.2 

20.8 

40.0 

35.0 

30.0 

47.0 
....  i 

April, 

May, 

1876. 

1876. 

38.0 

37.5 

28.0 

28.5 

25.0 

23.9 

June, 
1876. 


22.3 
21.8 
28.8 
23.3 
27.1 
25.1 
38.4 
24.2 
24.0 
21.8 
22.4 
28.0 
23.2 
23.2 
20.3 


19.2 
18.2 
17.0 
18.0 
23.0 
42.3 


21.4 
21.4 
37.9 
21.5 
28.0 
27.0 
30.6 
28.1 
24.4 
24.7 
26.9 
32.4 
25.8 
26.9 
47.3 
33.9 
32.7 
24.5 
22.7 
18.0 
16.5 
30.2 
25.0 


37.1 

28.7 
24.0 
21.9 
21.9 
38.5 
23.3 
28.2 
25.5 
29.1 
30.1 
26.0 
27.4 
28.3 
30.3 
27.6 
.26.8 
45.0 
34.0 
3!.0 
26. 2 
21.5 
21.0 
18.3 
.30.5 
20.0 


July,   I  Aug. 
1876.    I  1876. 


37.1 
29.0 
25.0 
21.6 
21.1 
39.5 
30.3 
30.3 
26.8 
27.3 
26.8 
26.0 
24.9 
26.4 
28.9 
23.9 
27.6 


20.8 

23.5 

22.4 

22.5 

22.8 

23.0 

20.0 

23.0 

22.8 

21.0 

41.8 

39.7 

channel  would  re.sult  in  a  channel  too  deep  for  the  necessities  of  the  case, 
and  a  widening  taking  place  soon  after,  the  depth  would  become  less.  It 
may  be  taken  as  a  general  fact  that  an  unusual  and  extraordinary  deepen- 
ing would  result  in  a  widening  and  a  subsequent  shoaling,  and  that  a 
nan-owing  of  the  channel  would  indicate  a  deepening. 

The  peculiar  condition  of  the  work  also  tended  to  produce  irregulari- 
ties ;   for  instance,  when  the  dam  connecting  the  upper  end  of  the  west 
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TABLE   IV. 

Eecord  of  Width  in  Feet,  of  Channel  at  a  Depth  of  20  Feet,  on  the  established  Cross 
Sections  and  at  different  Dates.* 


1  Localion   ! 
of  Cross    ' 
Section.    : 

May, 
1875. 

Dec. 
1875. 

Jan'y, 
1876. 

Feb'y. 
1876. 

March, 
1876. 

April, 
1876. 

May, 

187C. 

530 

June, 

187G. 

July, 
1876. 

Aug. 
1876. 

E.Point. 

408 

553 

553 

493 

500 

520 

540 

540 

1200 

430 

470 

470 

441 

460 

4G0 

450 

440 

440 

2  200 

230 

492 

492 

480 

433 

470 

430 

410 

465 

3  000 



325 

325 

212 

300 

470 

410 

350 

470 

.... 

3  500 



300 

300 

220 

285 

480 

470 

300 

200 

4  000 



30 

305 

312 

366 

362 

340 

380 

370 

4  500 



110 

200 

165 

300 

345 

343 

300 

290 

5  000 





305 

167 

165 

205 

202 

140 

170 

5  500 





165 

207 

184 

205 

266 

205 

225 

6  000 





82 

75 

122 

308 

340 

450 

6  612 







65 

190 

280 

338 

315 

350 

7  125 



10 

215 

210 

320 

-320 

320 

370 

7  584 





145 

155 

260 

330 

340 

390 

8  000 







17 

118 

192 

308 

:„. 

325 

8  500 











90 

338 

340 

395 

'J  000 











64 

295 

380 

380 

0  300 

—5- 





105 

270 

410 

9  'JOO 









25 

38 

203 

300 

360 

10  500 













300 

280 

385 

llOOO 









208 

340 

400 

11  500 











100 

120 

335 

5liti 

12  100 

400 

1000 

640 

320 

868 



217 

200 

385 

72.-. 

jetty  Avitli  the  shore  avus  built,  there  was  a  head  of  water  produced 
against  it,  extending  to  the  east  jetty,  but  diminishing  as  it  approached 
the  latter.  This  condition  produced  (juifkly  a  deep  channel  below  the 
line  of  the  dam,  and  the  channel  above  the  dam  had  a  tendency  to  shoal 
slightly,  caused  by  the  reduction  of  velocity  which  the  head  of  water  had 
produced. 

The  deep  channel  immediately  below  the  line  of  the  dam  caused  a 
temporary  shoaling  at  a  point  about  500  feet  below  the  dam,  as  the  ve- 
locity for  the  first  300  feet  was  too  great  to  be  maintained.  A  comparison 
of  the  bottom  velocities  above  and  below  the  dam,  as  ascertained  imme- 


A  dash  in  the  columns  denotes  less  than  20  feet  depth  at  the  date  where  it  occurs. 
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diiitoly  after  its  closure,  will  t'urther  illustrate  the  subject.  The  dam  is 
located  4  000  feet  from  East  Point,  and  nearly  at  right  angles  to  the  jetty 
lines.  Above  4  000  feet,  the  velocity  was  2.2  feet  per  second  ;  from  4  000 
feet  to  4  500  feet,  2.86  per  second,  and  fj-om  4  500  feet  to  5  000  feet,  2.31 
per  second. 

Tlu>  varying  conditions  of  the  river  and  the  amount  of  sediment  car- 
ried in  suspension,  the  difference  in  the  material  composing  the  bar  at 
various  places,  the  state  of  the  tides,  the  direction  and  force  of  the  winds, 
tlie  storms  and  resulting  seas  that  rolled  in  against  the  current,  the  con- 
diti(ms  of  the  works  at  Grand  Bayou  and  at  the  head  of  the  pass,  the  state 
of  the  jetties  especially — all  conspired  to  render  the  work  of  channel  ex- 
<-avation  irregular,  but  taking  the  general  progress  into  account  the  advance 
in  depth  and  width  has  been  constant  and  steady,  and  the  effect  of  the 
jetty  construction  has  shown  that  the  volume  of  water  issuing  from  the 
joass  will  eventually  recover  the  section  it  has  normally  above. 

A  dam  has  been  thrown  across  Grand  Bayou,  and  about  90  per  cent. 

of  its  volume  turned  into  the  pass.     It  is  reasonable  to  expect  that  the 

.section  between  Grand  Bayou  and  the  sea  end  of  the  jetties  will  enlarge 

nntil  it  is  as  large  as  that  above  Grand  Bayou,  or  to  an  ultimate  section  of 

25  000  S(|uare  feet,  it  now  being  15  000  square  feet.      (Reference  is  made 

to  Table  Y,  following.)     It  is  also  reasonable  to  expect  that  the  section 

l)etweeu  the  jetties  will  finally  be  larger  than  the  section  above  Grand 

Bayou,  as  a  larger  volume  will  necessarily  flow  between  the  jetties  during 

the  ebb  of  the  tides  than  flows  through  the  pass  above  Grand  Bayou,  as 

the  range  of  the  tide  is  greater  and  the  sloj^e  steeper  near  the  gulf  than 

it  is  8  miles  above. 

TABLE   V. 

Comparative  Areas  of  Sectious  of  South  Pass. 
Location  of  Section.  I      Plane  of  Reference.        Sc^^Feet         ^^^^  °^  Survey. 

One  mile  below  Head  of  Pass Mean  high  water 24  395.0    U.  S.    Coast  Survey, 

May,  1875. 
of  U.  S.  Coast  Survey,    ?5  007.3    .Jetty  Eng'rs,  Aug.  2d, 
1876. 


3  600  feet  above  Bayou  Grande. . . 

.  Mean  high  water 

of  U.  S.  Coast  Survey, 

23  2-13.0 
2G  037.0 

U.   S.    Coast 
May.  1875. 

Jetty  Eng'rs, 
1S7G. 

Survey, 
May  17. 

.  Average  flood  tide 

of  U.S.  Eng'rs 

16  711.0 
t 
;  17  006.0 

U.   S.    Coast 
May,  1875. 

Jetty  Eng'rs, 
1876. 

Survey, 
July  30, 

5  500  beyond  Lands  End  and  be- 1 
tween    the    .Jetties  ;    present 
depth,  maximum  27  feet ) 

Average  flood  tide 

of  U.  S.  Eng'rs 

14  804.0 

Jetty  Eng'rs, 
1876. 

July  30, 
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But  the  facts  relative  to  final  sections  and  volumes  and  velocities  can- 
not be  obtained  at  present,  during  tlie  formative  state  of  the  channel 
through  the  bar  and  the  reformative  state  of  the  pass  between  Grand 
Bayou  and  the  mouth.  All  the  old  natural  conditions  of  the  pass  from  its 
head  to  the  gulf,  and  far  beyond  the  sea  ends  of  the  jetties  have  been 
disturbed  by  the  construction  of  the  latter  and  by  the  auxiliary  works, 
especially  those  at  the  head  of  the  pass  which  are  intended  to  deepen  the 
shoal  at  that  point.  When  the  whole  work  is  finished  and  the  normal 
condition  of  the  pass  restored  by  time,  there  will  be  very  many  interest- 
ing and  valuable  facts  which  no  doubt  will  be  given  you. 

A  very  important  question  and  one  that  cannot  be  definitely  deter- 
mined by  facts  until  the  completion  of  the  jetties,  is  that  of  an  acceler- 
ated bar  advance  due  to  the  construction  of  the  jetties.  All  that  we  can 
state  now,  bearing  on  this  question  is,  that  although  there  has  been  a 
pushing  outward  of  the  upper  part  of  the  outer  slope  of  the  bar,  due  to 
three  or  more  temi)orary  causes  ;  first,  the  impossibility  of  constructing 
the  whole  line  of  jetties  instantaneously ;  second,  the  large  amount  of 
material  excavated  and  carried  out  to  sea  ;  third,  the  closing  of  Grand 
]3ayou  and  a  new  load  of  sediment  given  the  water  in  addition  to  its 
already  heavy  burden;  HMdi  fourlli,  the  non-completion  of  sea  ends  of  the 
jetties  to  a  point  designated  by  the  Advisory  Board  of  Engineers,  who 
assisted  Capt.  Eads  in  determining  the  i^lans  for  construction; — yet  care- 
ful surveys  and  calculations  show  a  deepening  instead  of  a  shoaling  im- 
mediately in  front  of  the  sea  ends  of  the  jetties.  The  water  prism 
extending  seaward  from  the  old  crest  of  the  bar,  and  covering  an  area  of 
52  acres,  has  increased  from  2  000  000  cubic  yards  to  2  200  000  cubic 
yards,  or,  in  other  words,  the  average  deepening  over  the  whole  area  in- 
vestigated is  1\  feet.  The  survey  on  which  the  calculations  were  based 
was  made  May  29th  last.  A  survey  by  radial  lines  of  soundings,  extend- 
ing 5  miles  out  from  the  jetties,  made  in  May  by  Mr.  H.  L.  Marindan 
of  the  U.  S.  Coast  Survey,  shows  by  compai-ison  with  the  chart  of  the 
survey  of  May,  1875,  also  made  by  him,  that  there  has  been  an  aver- 
age deepening  over  the  whole  area  surveyed. 

The  volume  of  the  bar  removed  during  the  first  year  of  the  work, 
without  reference  to  amount  moved  iu  the  channel  as  required  by  law, 
or,  in  other  words,  the  total  excavation,  exceeds  3  000  000  cubic  yards. 
The  following  table  shows  the  volume  of  the  bar  moved  in  reference  to  a. 
cliannel  20  feet  deep  and  200  feet  wide  at  that  depth. 


C/toSi  S£cr/o/Vc-r  sooo'-' 


C/IOSS  SeCT/OM  at  JOSOO 


C/90SS  Secr/OAf  at  riSS 


The  results  are  obtaiued  by  placing  on  the  cross  (sections  drawn  on 
profile  paper,  a  normal  section  as  we  find  it  in  the  pass  above  the  jetties. 
This  section  has  a  centre  depth  of  2  feet  below  the  20  feet  line  and  side 
slopes  of  1  foot  vertical  to  20  horizontal.  This  normal  section  is  made 
on  tracing  paper,  then  placed  over  the  cross  sections  and  the  area  is  thus 
obtained  for  the  calculation,  as  to  the  volume  to  be  moved  to  make  a 
channel  of  the  normal  section  as  described. 
TABLE  VI. 

Volume  in  cubic  Yards  of  the  Bur  removed  in  Reference  to  a  20  Feet  Channel. 


Date  of  Subvet. 

Volume  to  be  Moved. 

Volume  Moved. 

May.          1875 

Dec.  25,       "    

1  037  635 

622  680 
521  909 
506  643 
499  715 
305  547 
256  655 
163  619 
22  627 
13  977 
4  985 
75 

Jau'y  27,  1876 

"      31,     "    

Feb'y  17,     "    

March   4,     "    

93  030 

May     ^0      •'                             .... 

140  992 

June    30      "                                         .... 

8  650 

July     31      "                               

8  992 

Au".    14      " 

4  915 

A  part  of  the  material  has  fallen  over  the  submerged  jetties  durin,^ 
their  construction,  or  has  been  driven  in  by  the  waves  from  beyond  the 
sea  ends  of  the  jetties  and  lodged  on  their  sea  slopes.  1  000  000  cubic 
yards,  at  least,  have  piled  themselves  up  against  the  sea  side  of  the  west 
jetty,  an  enduring  and  solid  bulwark  against  the  storms.  The  remainder 
has  gone  far  to  the  westward,  no  doubt  carried  there  by  the  prevailing 
westward  coastwise  current. 

The  so  called  "  littoral  current,"  is  a  current  generally  existing  and 
has  generally  a  westward  course.  "Whether  it  is  qaused  principally  by 
the  prevailing  northeast  winds  or  by  a  more  constant  and  stronger 
influence,  is  somewhat  doubtfid.  We  have  strong  evidence  from  an 
examination  of  the  general  formation  of  the  coast  of  Louisiana  and 
Texas,  from  the  eastward  trend  of  the  lower  river  by  the  excess  of  accum- 
ulation of  sediment  and  consequent  shore  formation  westward,  from  the 
general  opinion  of  longshoremen  and  i^ilots  and  from  our  own  observa- 
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tions,  tliiit  there  is  a  distinct  and  deep  moving  westward  littoral  or  coast- 
wise current,  strong  enough  to  remove  far  from  the  mouth  of  our  new 
channel  the  sediment  carried  out  by  the  river,  and  which  will  iiostpone 
for  a  century  or  two  the  re-formation  of  the  l)ar. 

In  regard  to  action  of  Gulf  storms  upon  the  work,  I  will  state  that 
during  a  severe  storm  on  March  5th,  which  continued  several  days,  a  few 
mattresses  on  the  sea  end  of  the  west  jetty  were  destroyed,  but  the  work 
had  not  been  consolidated  nor  siifficiently  covered  with  stone.  The  plan 
of  final  construction  provides  for  jetty  heads  of  enormous  base,  easy 
slopes  and  a  covering  of  heavy  stone.  From  the  expei'ience  had,  we 
have  no  doubt  of  the  ultimate  stability  of  all  parts  of  the  work,  both  in 
reference  to  the  Gulf  storms  and  the  river  currents. 

The  facts  given  and  the  tables  and  sections  exhibited  are  the  result  of 
careful  surveys  and  faithful  office  work.*  Extended  and  often  repeated 
surveys  have  been  needed  to  inform  us  of  the  progi-ess  of  the  works  and 
the  results  they  are  constantly  accomplishing,  and  often  so  rajndly  that 
our  surveys  could  not  keep  pace  with  them. 

The  paper  under  discussion  gives  us  the  pivotal  fact,  Avhich  guaran- 
tees the  success  of  the  jetties,  that  the  deep  water  of  the  i)ass  follows 
close  behind  the  liar  in  its  seaward  march.  Examine  the  tables  pre- 
sented and  yoii  will  see  that  this  fact  is  clearly  and  forcibly  illustrated. 
It  may  be  said,  truthfully,  that  twelve  months  of  Avork  and  its  accom- 
panying results  have  proved  every  theory  advanced  and  every  pro- 
phecy made  in  that  papei'.  It  and  this  account — one  presented  at  the 
commencement,  the  other,  one  year  after  the  beginning  of  the  work — are 
■substantially  the  same,  the  latter  being  simply  illustrative  of  the  former,  f 

Me.  Chakles  W.  HowELii. — This  paper  deals  in  a  somewhat  general 
manner  with  one  of  the  most  interesting,  irax)ortant  and  difficult  prob- 
lems in  hydraulic  engineering,  that  has  ever  claimed  the  attention  of 
American  engineers.  For  those  who  have  long  been  engaged  upon  it  and 
who  have  presented  solution  after  solution,  as  the  factor  * '  commercial 
importance  "  has  grown  with  the  gi-owth  and  necessities  of  the  Mississippi 
valley,  it  possesses  an  absorbing  interest  that  precludes  the  mere  airing  of 
opinion.  Its  ultimate  solution  has  now  become  of  the  utmost  imiJortancc 
to  the  pcoi>le  of  the  valley,  and  cannot  be  looked  for  with  unconcern  by 
the  people  of  the  great  cities  of  the  Atlantic  seaboard,  or  by  the  gi-eat 
corporations  which  now  control  by  their  artificial  highways  the  commerce 
of  the  West.     That  it  is  a  difficult  problem  is  evidenced  by  the  forty 

*  For  the  aocurate  insti-umeutal  work  and  the  sj-etematic  exhibition  of  results,  as  shown  in 
the  tables  preseuted,  I  ana  largely  indebted  to  my  first  assistant,  Mr.  Max  E.  Sehmidt.  t  There 
was  21  feet  of  water  through  South  Pass  bar,  August  15,  187C. 


285 

years  of  cliscu=»sion  which  it  has  provoked,  and  in  which  many  of  tho 
abh>st  engineers  of  our  country  have  taken  part. 

The  necessities  of  commerce  have  tinally  narrowed  discussion  on  this  : 
fan  the  jiroblem  find  its  sohition  in  a  lateral  canal,  or  in  a  jettied  river 
mouth  ?  This  question  has  been  thoroughly  discussed  not  only  by  the 
foui'teen  engineers  specially  appointed  to  decide  it,  but  also  by  others 
more  or  less  conversant  with  the  facts.  The  fourteen  were  equally  as 
regards  number,  divided  in  opinion  except  on  one  important  point, 
nameh',  that  a  "lateral  canal  "  was  practicable. 

On  the  one  hand  it  was  claimed,  in  effect,  that  it  was  the  highest  duty 
of  an  engineer,  in  case  of  emergency,  such  as  was  j^reseuted,  to  first  re- 
commend that  measure  of  relief  which  was  certain,  and  afterward  experi- 
ment at  leisure.  On  the  other  hand,  it  was  urged  that  the  j^rospective 
advantages  of  an  "  open  river  mouth,"  together  with  a  reasonable  hope 
of  obtaining  it,  justified  recommendation  of  trial  of  the  jetty  system. 

The  question  has  been  decided  by  the  representatives  of  the  people 
who  are  interested,  and  it  is  believed  on  other  than  professional  opinion, 
viz  :  on  the  purely  business  proposition,  "no  cure,  no  pay."  The  jet- 
ties at  South  Pass  are  now  in  progress.  Within  a  few  years,  the  prac- 
tical demonstration  they  will  give  Avill  settle  present  difference  of  opin- 
ion as  regards  jetties  and  canal,  and  perhaps  give  us  a  chance  to  argue 
about  canal  routes.  In  the  face  of  this,  it  is  jjarhaps  best  for  those  who 
are  satisfied  -with  their  record  on  the  subject,  to  stand  on  that  record. 

Now  that  discussion  is  barred  by  attempt  at  practical  demonstration, 
there  is  yet  room  for  suggestion  and  inquiry.  The  most  prominent  parts 
of  the  paper  are  those  which  show  the  writer's  reliance  in  precedent.  It 
appears  jDroper  to  say  that  precedent  in  works  of  river  and  harbor  im- 
provement is  very  often  difficult  to  find  and  dangerous  to  handle. 

The  Sulina-Danube  precedent  has  been  quite  fully  discussed.  Mr. 
Koberts  does  not  offer  anything  new  about  it.  It  is  therefore  presumed 
that  his  personal  inspection  simply  resulted  in  verification  of  facts 
previously  known.  These  facts,  which  have  been  published  so  as  to  be 
within  the  reach  of  every  engineer  in  the  country,  show  so  many  radical 
points  of  difference  between  the  conditions  observed  at  the  Sulina  mouth 
and  those  observed  at  the  South  Pass  of  the  Mississippi,  that  it  does  not 
appear  surprising  that  many  engineers  should  think  the  assumed  preced- 
ent valueless,  and  only  deceptive  because  of  one  thing — success  attending 
jetty  ai^plication  at  this  one  i^lace.  It  may  be  that  those  who  have  based 
their  faith  upon  this  assumed  precedent  may  find  themsslves  in  the  pos- 
ition of  those  French  engineers,  who  many  years  ago  selected  the  jettied 
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drift  bars  of  our  Nortliern  lakes  as  precedent  for  the  mouth  of  the  Rhone, 
The  vahie  of  imitative  engineering  cannot  be  iinderrated,  but  it  is  often 
overrated  in  the  works  of  the  kind  under  discussion. 

The  writer  calls  attention  to  "  one  notable  fact,"  which  I  will  state  in 
my  own  words.  In  the  body  of  the  Salina  branch,  where  the  width  has 
been  artificially  reduced  to  450  feet,  the  depth  is  not  so  great  by  3  feet, 
as  it  has  been  for  the  past  ten  years,  on  the  outer  bar  between  jetties,  GOO 
feet  apart.  If  this  does  not  suggest  anything  else,  it  at  least  suggests 
this,  namely  :  the  volume  of  water  passing  between  the  jetties  could  not 
have  been  greater  than  that  admitted  between  the  training  jetties  above  ; 
consequently  the  velocity  of  current  must  have  been  greater  than 
that  between  the  former.  There  must  have  been  something  the  matter 
with  the  bed  of  the  river,  similar  (to  sustain  precedent)  to  the  uuscour- 
able  blue  clay  found  at  the  mouths  of  the  Mississippi,  else  according  to 
the  new  jetty  theory  we  should  have  the  following  :  a  width  of  GOO  feet 
gives  21  feet  depth,  hence  450  feet  width  should  give  28  feet  depth. 

Speaking  of  the  Damietta  branch  oi  the  Nile,  which  has  a  drift  bar 
obstructing  its  mouth,  similar  to  that  at  the  Sulina  mouth  of  the  Danube, 
the  opinion  is  expressed  that  this  would  be  the  place  for  a  canal,  should 
commerce  warrant  the  improvement  of  this  branch,  but  the  jetties  would 
not  be  applicable.  Now,  that  we  are  collecting  assertions  and  opinions 
rather  than  facts,  it  woiild  be  interesting  to  know  fully  on  what  grounds 
this  opinion  is  based.  Might  not  the  jetties  be  made  to  arrest  the  drift- 
ing lauds  which  now  choke  the  river's  mouth,  at  least  as  effectually  as  do 
those  which  protect  the  harbor  of  Suez,  not  far  distant  ?  Might  not  the 
jettied  entrance  of  a  canal  be  blocked  up  quite  as  quickly  by  these  sands 
as  a  jettied  "  open  river  mouth  ?"  Can  the  advantages  of  a  "great  open 
mouth  "  be  overlooked  should  commerce  demand  imjarovement  ?  The 
single  fact  is  stated,  that  during  low  water  in  the  Nile,  the  water  of  the 
Mediterranean  backs  up  some  10  miles  to  the  city  of  Damietta.  In  the 
Mississippi,  it  has  been  frequently  observed  during  low  water,  that  at 
New  Orleans,  110  miles  from  the  mouth  of  the  river,  the  surface  of  the 
river  water  has  been  below  the  surface  of  the  water  in  Lake  Pontchar- 
train,  which  is  directly  connected  with  the  Gulf.  On  the  opinion  referred 
to,  may  we  not  hereafter  make  the  Nile  a  precedent  for  the  Mississijipi, 
when  we  give  up  jetties  and  come  to  a  canal  ? 

Mr.  John  G.  B.vknakd. — Some  time  ago,  I  declined  to  take  part  in 
the  discussion  of  this  paper  at  this  time,  saying  that  such  consideration 
of  the  subject  had  been  nearly  or  quite  exhausted,  especially  as  the  Avork 
which  was  the  best  exponent  of  the  matter,  was  actually  in  progress.    The 
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liistory  and  tlieoiy  of  the  undei-takiug  have  been  so  thoroiiglily  gone  over 
that  there  is  little  for  any  one  to  athl.  I  feel  confident,  however,  that  Mr. 
Corthell's  lucid  statement  of  the  process  of  channel  formation,  as  the 
jetties  progress,  must  bo  gratifying  to  the  advocates  of  an  open  river 
mouth. 

The  matter  having  to-day  been  so  fully  brought  before  the  Society, 
I  will  briefly  enlarge  npon  the  history  of  this  improvement,  as,  from  the 
beginning  of  the  several  projects,  I  have  been  familiar  with  them. 

I  was  in  New  Orleans  when  the  first  survey  of  the  delta  was  made  by 
Talcott.  The  Chief  Engineer  of  the  State  of  Louisiana,  Benjamin  Buis- 
son,  had  conceived,  in  1832,  the  prospect  of  a  ship  canal,  which  was  to 
occupy  the  site  identically  of  one  projected  three  years  ago.  Six  years 
later,  Major  W.  H.  Chase,  U.  S.  Engineer,  adopting  the  idea,  presented 
with  some  detail,  though  wuthout  drawings,  a  project  for  a  ship  canal  of 
the  same  location.  I  w^as  familiar  with  all  these  projects  from  their 
origin,  and  have  had  occasion  to  execute  works  of  various  kinds  by  which 
to  arrive  at  a  knowledge  of  the  character  of  the  soil  and  to  make  excava- 
tions in  it,  and  in  jiarticular.  at  Fort  St.  Philip,  near  where  the  canal 
was  to  be.  The  canal  project  was  revived  by  a  resolution  of  Congress 
in  1871,  which  simply  called  for  a  survey  and  plans  for  a  ship  canal.  It 
was  committed  to  an  officer  of  U.  S.  Engineers,  who,  in  1873,  submitted 
a  i^roject  which  was  afterwards  laid  before  the  Board  of  which  I 
was  a  member. 

The  question  as  to  the  practical  working  of  a  canal  in  this  locality  be- 
came more  and  more  involved  in  doubt  in  my  mind,  o,s  I  studied  this 
project.  The  inadequacy,  to  say  the  least,  of  a  canal  as  an  outlet  for  a 
great  and  imjjortant  jjoit  such  as  that  of  New  York,  were  the  Narrows  and 
East  Eiver  shut  up  and  a  ship  canal  substituted,  would  be  apparent  to 
every  one.  Moreover  in  the  case  before  us,  there  are  doubts  as  to 
the  practical  working  (successfully)  of  a  canal  when  made,  and  all  its 
enormous  expense  incurred,  peculiar  to  a  Mississippi  river  ship  canal. 

I  became  more  and  more  convinced,  as  I  studied  into  the  matter,  that 
an  open  liver  mouth  was  what  was  required,  and  my  position  was  to  have 
further  investigation  made,  before  the  Government  should  be  committed 
to  the  costly  and  doubtful  ship  canal.  Congi*ess  ultimately  adopted  this 
course  ;  and  ordered  another  Board  of  Engineers,  composed  of  three 
army,  three  civil,*  and  one  Coast  Sun'ey  engineer,  Avhich  resulted  in  the 
^selection  of  the  jetty  system. 


*  Mr.  W.  Milnor  Roberts,  the  writer  of  the  paper  under  discussion,  was  one  of  them. 
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In  all  tlie  discussions  about  tlie  matter,  I  am  safe,  I  think,  in  saying 
there  were  biit  two  arguments  used  against  the  construction  of  jetties.  I, 
while  giving  such  arguments  due  weight,  claimed  that  the  question  was 
not  purely  an  engineering  problem,  maintaining  that  the  importance  of 
the  result  aimed  at  demanded  that  the  trial  should  be  made,  and  if  thera 
were  really  fair  engineering  grounds  for  thinking  it  would  prove  success- 
ful, the  circumstances  absolutely  demanded  a  trial.  And  while  always  ad- 
mitting the  practkabilHy  of  canal  construction,  I  have  always,  too,  main- 
tained that  besides  its  obvious  iiiadequacy,  there  was,  peculiar  to  this. 
Mississippi  work,  a  doubt  as  to  the  practical  woi'lcing,  quite  equal  to  any 
doubt  as  to  success  of  the  much  less  costly  jetties. 

One  argument  against  the  jetties  was,  that  you  could  not  build  them  ; 
that  the  ground  was  too  soft.  All  engineers  are  familiar  with  the  hin- 
drances to  engineering  j)rogress  which  have  arisen  from  assuming  the 
facts.  For  instance,  we  know  how  the  assumption  that  friction  alone 
could  not  be  relied  on  for  locomotive  traction  on  railroads,  retarded  the 
invention  of  the  locomotive  and  the  develoiament  of  railway  traffic. 

I  had  studied  carefully  the  jetty  contract  made  by  the  Government 
twenty  years  ago  with  Craig  and  Rightor,  which,  thoiigh  abortive,  iH'Oved 
that  the  lateral  shoals  on  which  the  jetties  were  laid,  were  by  no  means- 
80  soft  as  they  were  assumed  to  be,  by  those  who  maintained  this  argu- 
ment. Col.  Long,  U.  S.  Engineers,  rei3orted  to  the  Government  that  the 
bottom  Avas  not  soft,  but  sandy,  or  sand  mixed  with  clay  ;  indeed  a  large 
number  of  the  piles  driven  there  twenty  years  ago  are  standing  yet. 

An  imjiortant  point,  and  one  that  seemed  quite  serioiis,  was  as  to 
whether  the  bar  would  advance  with  increased  raisidity.  The  South  Pass 
bar  has  hitherto  advanced  annually  about  130  feet.  But  the  argument 
was,  as  put  forth,  that  it  would  advance  much  faster  than  before.  I  never 
admitted  that  there  could  be  an  accelerated  local  advance  ;  as  the  sedi- 
mentary matter  is  distributed  over  a  very  wide  surface,  the  rate  of  growth 
of  the  bar  would  not  be  materially  increased  ;  the  predicted  accelerated, 
advance  was  a  matter  too  purely  theoretical  to  be  made  an  obstacle  to  a 
work  so  urgently  demanded.  There  is  one  thing,  however,  which  is 
indisputable.  The  rate  is  greater  or  less  as  the  quantity  of  sedimentary 
matter  discharged  through  the  outlet  is  greater  or  less.  While  the  pro- 
cess of  jetty  building  is  going  on,  a  gi'eat  and  abnormal  increase  of  this, 
matter  is  caused  by  the  scour  superinduced  upon  the  bar  itself  ;  hence  a 
temporary  abnormal  advance  might  be  looked  for,  and  which,  if  observed,, 
would  afford  no  argument  for  rajiid  bar  advance.  Tlic  engineers  of  the 
last  Board  who  adopted  the  jetty  system,  assumed  and  admitted  and  made: 
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thoir  estimates  and  plans  upon  the  fact  that  there  would  be  au  advauce. 
I  make  mention  of  this  Avith  some  emphasis,  conscious  that  some  of  the 
jetty  advocates  contend  that  the  bar  advance  will  be  checked  or  cease 
with  the  ai^i^lication  of  jetties.  My  own  opinion  is,  that  the  advance 
would  rather  be  checked  than  accelerated  ;  but  this,  like  the  other  theory 
is  too  purely  a  matter  of  speculation  to  be  made  a  basis  of  engineering- 
projects.  While  firmly  believing  in  the  jetty  system  as  a  means  of  having 
au  open  river  mouth  to  the  Mississipjii,  there  are  incidental  questions 
to  which  time  alone  can  give  the  solution.  The  observations  of  a  day  or 
a  mouth  require  confirmation  by  those  of  a  year  or  even  of  several  years. 

Mr.  W.  MtLXOR  RocEKTS. — Since  I  i^resented,  in  October,  1875,  tht> 
paper  now  being  discussed,  work  upon  the  jetties  has  been  steadily  prose- 
cuted under  the  direction  of  Capt.  Eads,  whose  agreement  with  the 
Government  requires  him  to  increase  the  depth  across  the  South  Paf  s 
bar  to  20  feet  before  recei\ang  the  first  payment.  A  depth  of  17  feet  has 
been*  secured  entirely  across  the  bar,  where  one  year  ago,  before  he  began 
work,  the  depth  was  only  from  7  to  8  feet ;  w-hile  the  30  feet  river  depth 
has  been  gradually  advancing  outward.  The  distance  across  the  bar  be- 
tween the  river  contour  of  20  feet  and  the  ocean  contour  of  30  feet,  which 
one  year  ago  was  over  10  000  feet  is  now  reduced  to  about  300  feet.  The 
work  on  the  jetties  being  so  far  advanced  that  the  abrading  power  of  the 
river  is  continually  cutting  away  the  top  of  the  bar  between  the  jetties  and 
increasing  the  depth  of  the  navigable  channel  across  it.  The  jetties  have 
thus  really  created  a  channel  where  none  existed,  and  recently  several  of  the 
finest  ocean  steamers  trading  to  New  Orleans  have  made  use  of  the  South 
Pass,  both  going  in  and  coming  out.  The  plan  pursued  by  Capt.  Eads 
has  been  to  depend  wholly  upon  the  natural  force  of  the  river  current, 
now  mainly  confined  between  the  jetties  or  piers,  without  employing 
either  scrapers  or  dredgers,  the  use  of  which  would  have  facilitated  the 
deepening  of  the  channel. 

A  lai'ge  quantity  of  material,  consisting  of  sand  and  clayey  mud,  has 
thus  been  cut  away  by  the  river  current  and  swept  seaward.  Contrary  to 
my  anticipations,  very  little  of  this  material  has  settled  immediately  iu 
front,  where  the  depth  of  water  inside  of  the  extreme  outer  end  of  the 
jetties,  instead  of  decreasing  has  been  increased  since  the  works  were 
begun. 

The  process  appears  to  have  been,  the  carrying  dii-ectly  seaward  all,  or 
a  vei-y  large  proportion  of  the  river  sediment  held  in  susj)ension  while 
the  heavier  particles  appear  to  have  been  distributed  laterally  by  the 

*  June  15th,  1876. 
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movement  of  the  ocean  water  in  front ;  easterly  Avinds  moving  the  ma- 
terial at  the  bottom  westward,  and  westerly  winds  eastward. 

Prior  to  the  beginning  of  the  work,  during  the  discus.sions  which  took 
I)lace  in  the  fall  of  1874,  I  believed  (and  so  argued)  that  during  the  pro- 
cess of  removing  nearly,  or  perhaps  quite,  3  000  000  cubic  yards  of  ma- 
terial from  the  old  bar  by  the  river  current,  aided  artificially  by  dredg- 
ing and  scraping  (in  order  to  save  time),  the  outer  face  of  the  bar  would 
be  considerably  extended  seaward,  thus  calling  for  a  greater  length  of 
jetties  than  might  at  first  view  appear  necessary  ;  and,  on  account  of 
this  assumed  gradual  extension  of  the  outer  slope,  I  advocated  the  post- 
poning of  any  permanent  work  at  the  ends,  analogous  to  a  bulkhead,  leav- 
ing the  extremities  of  the  jetties  on  a  slope,  so  that  the  jetty  work  could  be 
easily  extended,  as  needed,  without  extra  cost.*  In  estimating  the  cost 
of  the  works,  the  Commission  allowed  for  an  assumed  advance,  after  the 
completion  of  the  jetties  in  the  first  instance,  at  the  rate  of  130  feet  per 
annum.  Difierences  of  opinion,  then  as  now,  existed  among  different 
engineers,  both  in  the  Commission  and  out  of  it,  respecting  the  probable 
rate  of  advance  that  Avould  in  the  future  take  place.  That  is  to  say,  on 
such  an  advance  of  the  bar  as  would  require  the  extension  of  the  jetties 
in  order  to  mnintaiu  the  depth  which  should  be  originally  secured  by 
them.  This  is  a  question  which  only  time  can  completely  determine. 
It  will,  of  course,  be  settled  by  the  actual  movement  and  ultimate  deposit- 
ing of  the  sediment,  which  will  be  annually  delivered  through  the  South 
Pass  outlet,  modified  more  or  less,  by  the  movement  along  the  delta  of 
the  sediment  brought  down  by  the  other  passes  and  discharged  outside 
on  the  advancing  semi-circular  frontage  of  the  delta.  It  is  important  to 
<'.onsider  the  shape  of  the  delta. 

The  sjiecial  point  I  desire  to  make  here  is  this,  that  thus  far  the  filling 
up  in  front,  caused  by  the  carrying  seaward  so  much  of  the  old  material  of 
the  bar,  has  not  been  nearly  so  great  as  I  anticipated  it  would  be.  The 
action  outside  seems  to  be  somewhat  analogous  to  that  which  has  occurred 
at  the  Sulina  mouth  of  the  Danube,  where  the  littoral  ciirrent  running 
along  the  coast  from  the  north,  sweeps  the  sediment  southward,  while  the 
river  maintains  a  navigable  channel  depth  through  it,  of  21  feet,  where 
originally  there  was  only  a  dei)th  of  8  or  9  feet. 

The  length  of  the  jetties  at  this  mouth  of  the  Mississipju  is  neai-ly  2 J 
miles,  while  those  at  the  Sulina  mouth  of  the  Danube  extend  out  less 
than  one  mile.     Hence,  with  an  easterly  wind  piling  the  water  up  against 

*  I  believed  then,  iiiul  I  still  believe,  that  all  that  will  be  needed  at  the  extremities  of  the 
jetties  will  be  a  flat  sloping  teiminatiou,  uot  projecting  above  the  surface  of  the  sea,  composed 
of  the  same  material  as  the  residue  of  the  jetties. 
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the  east  jetty,  and  driving  it  away  westward  from  tlie  west  jetty,  the  cut- 
ting action  outside  of  the  jetties  (with  a  wind  of  equal  force  and  continu- 
ance) should  be  greater  at  the  Mississippi  mouth  than  at  the  mouth  of 
the  Danube — other  things  being  equal.  The  two  places  are  not,  how- 
ever, exactly  similarly  situated  ;  but  it  is  the  opinion  of  Sir  Charles  A. 
Hartley,  the  engineer  who  constructed  the  works  at  the  Suliua  mouth  of 
the  Danube,  and  who  has  carefully  examined  the  South  Pass,  that  the 
latter  offers  a  betler  chance  for  maintaining  a  deep  sea  entrance  to  the 
river  than  did  the  Suliua  mouth. 

Most  of  the  engineers  who  have  examined  and  carefully  studied  the 
natural  action  which  has  been  going  on  for  ages,  at  the  mouth  of  the  Mis- 
sissippi, and  who  favored  its  improvement  by  canal  in  preference  to  jet- 
ties, did  not  claim  that  the  river  would  not  cut  a  deep  channel  between 
the  piers  ;  but  that  the  bar  woiild  immediately  re-form  outside,  requiring 
an  immediate  and  constant  exteusiou  of  the  jetties,  while  some  contended 
that  the  bar  itself  was  so  soft  and  so  treacherous,  that  it  would  not  sus- 
tain the  necessary  structures  for  confining  tlie  flow  of  the  river  between 
them.  The  strong  and  reiterated  assertion  to  this  effect,  insisted  upon 
publicly  and  otherwise,  had  very  great  influence  in  my  own  mind  against 
the  jetty  plan  for  the  mouth  of  the  Mississippi,  until  a  very  careful  per- 
sonal investigation  of  this  most  essential  point  satisfied  me  thoroughly 
that  it  was  entirely  erroneous.  From  that  moment,  I  could  no  longer  en- 
tertain a  doubt  of  the  ultimate  success  of  the  jetty  system  for  the  Missis- 
j^ippi  mouth,  a  system  which  had  proved  so  successful  elsewhere. 

I  am  not  aware  that  any  engineer  at  this  time  claims  that  jetties  can- 
not be  built  and  maintained  at  the  bar  of  the  South  Pass  ;  I  believe 
that  the  only  or  the  chief  argument  now  made  against  their  feasibility, 
and  advisability,  by  those  engineers  who  have  thoroughly  investigated 
the  place  and  its  advantages  and  disadvantages,  is,  that  according  to 
their  view,  the  probable  cost  of  extending  them  annually  will  be  exces- 
sive, on  account  of  the  rapidity  with  which  the  bar  will,  as  they  believe, 
re-form  in  front,  demanding,  as  a  consequence,  their  extension  corres- 
jiondingly.  This,  in  the  nature  of  the  case,  is  a  matter  upon  which  engi- 
neers may  for  a  while  continue  to  differ  ;  especially  as  it  is  almost  if  not 
quite  imjjossible  to  apply  formula-,  which  can  be  relied  upon,  to 
determine  precisely  what  the  future  will  show.  The  Mississippi  river 
carries  annually  an  immense  quantity  of  material  which  is  deposited  by 
its  several  passes  in  the  Gulf  of  Mexico  ;  but  the  Gulf  of  Mexico  is  a 
vast  receptacle  covering  more  than  500  000  square  miles,  and  presenting 
a  descending  bottom  in  front  of  the  Mississij)j)i  delta,  200  feet  deep,  at 
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the  distance  of  2  miles,  and  wliidi  deejaens  more  rapidly  farther  out,  so 
that  it  attains  a  depth  at  the  distance  of  50  miles,  of  over  10  000  feet. 

Since  this  immense  gulf  is  so  much  deeper  in  front,  and  since  the  fan 
shape  position  of  the  mouths  is  constantly  exjjanding,  -widening  out 
the  frontage  of  the  deposit,  it  is  reasonable  to  assume  that  the  rate  of  ad- 
vance of  the  delta,  gulfward,  must  be  gradually,  but  constantly  diminish- 
ing. When  we  find  an  old  Spanish  magazine,  built  of  brick,  at  least  150 
years  ago,  still  standing  without  a  crack  in  its  walls,  5  feet  above  the 
water  level, within  a  few  miles  of  the  extreme  outer  end  of  the  present  delta, 
it  affords  additional  reason  for  the  belief,  that  during  the  next  hundnnl 
years  the  jetties  at  the  South  Pass  need  not  be  extended  beyond  the  al- 
lowance made  by  the  Commission  of  Engineers,  which  decided  upon  the 
plan,  and  selected  this  pass  for  the  construction.  That  allowance  being 
130  feet  a  year,  would,  in  one  hundred  years,  amount  to  13  000  feet, 
nearly  2.}  miles.  There  is  no  reliable  evidence  tending  to  show  that  the 
whole  dtilta  has  in  the  i^ast  hundred  years  moved  out  so  much  as  2^  miles  ; 
and  if  it  had  moved  out  that  far,  only,  in  a  hundred  years,  it  is  mathe- 
matically certain,  from  the  premises  given,  that  it  will  move  out  less  than 
that  distance  in  the  next  hundred  years. 

The  cutting  of  a  deep  channel  through  the  bar  at  the  head  of  the 
passes,  between  the  main  river  and  the  South  Pass,  and  the  cutting  of  a 
deep  channel  through  the  outer  bar  to  the  Gulf,  may  somewhat  increase 
the  flow  through  the  South  Pass,  and  consequently  cause  it  to  discharge 
more  sediment,  at  its  mouth  (and  which  will  also  be  augmented  by  the 
closing  of  the  Bayou  Grande),  yet  this  additional  quantity,  when  carried 
out  and  distribiited  in  such  a  very  different  manner,  from  what  it  has 
been  distributed  in  the  past,  may  prove  to  be  but  an  inconsiderable  ele- 
ment of  the  problem. 

If  it  be  conceded,  that  in  the  lowest  stage  of  the  river,  water  enougli 
flows  through  the  South  Pass  to  maintain  an  adequate  ship  channel  be- 
tween the  jetties,  the  only  remaining  practical  question  to  be  discussed, 
is  the  future  distribution  in  the  Gulf,  outside  of  the  jetties,  of  the  sedi- 
mentary discharge.  It  is  argued  by  some  engineers,  and  by  others,  that 
immediately  beyond  the  outer  extremity  of  the  jetties,  Avhich  confine  tlui 
water  within  a  limited  width  of  channel,  1  000  feet,  the  river  water,  wIk'u 
released  from  lateral  confinement,  will  at  onc(!  spread  in  all  directions, 
lose  its  velocity,  and  conse<iuontly  lot  down  its  sediment,  not  only  in 
close  front,  but  near  by  on  both  sides  of  the  channel  entrance. 

While  this  may  be  measurably  true,  to  a  small  extent,  it  is  met  by  tlu^ 
fact  that  the  bulk  of  the  fresh  water  flow  (which  of  course  remains  at  tlu; 
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top,  above  tlio  hoavier  salt  sea  water)  does  not  immediately  lose  its  velo- 
city, but  passes  directly  onward  for  a  long  distance  giilfward,  deposit- 
ing much  of  its  suspended  sediment  far  beyond  the  jetties,  in  deep  water. 
I  have  myself  seen  the  discolored  fresh  water  of  the  river  Amazon  on  the 
surface  of  the  ocean,  nearly  150  miles  from  its  mouth. 

Several  irregularly  acting  causes  oj^erate  to  control  and  determine 
the  final  disposition  of  the  sedimentary  material  discharged  from  the 
South  Pass  between  the  jetties.     These  are: 

I.  The  irregular  (piantity  of  water  delivered  by  the  Mississippi  river 
at  different  seasons  of  the  year  ;  the  quantity  during  heavy  freshets 
being  three  times  as  great  as  it  is  in  extreme  low  water  stages  ;  and 
the  irregular  and  very  different  proportions,  at  different  iieriods,  of  the 
(piantity  and  kind  of  sediment  brought  down. 

n.  The  tidal  action  (which  here  takes  place  only  once  in  twenty-four 
hours)  ranging  iisiially  from  1  foot  to  2  feet  in  height. 

m.  The  action  of  the  winds.  Sometimes  the  tidal  and  wind  ac- 
tion are  in  direct  opposition,  sometimes  in  conjunction,  and  sometimes 
partially  one  way,  or  the  other  way.  Sometimes  the  river  current  action 
is  in  conjunction  with  wind  and  tidal  action  ;  sometimes  in  opposition  to- 
both,  or  one,  as  the  ease  may  be  ;  and  in  proportion  to  the  relative 
strength  of  these  three  different  forces,  and  the  relative  qiaantity  of  mov- 
ing sediment  in  susjiensiou  and  on  the  bottom,  must  be  the  resultant  ac- 
tion outside  of  the  jetties  ;  and  to  some  extent,  at  times,  between  the- 
jetties,  there  may  be  temporary  partial  deposits  of  silt. 

It  may  be  jjossible,  by  assuming  given  quantities  of  water,  and 
given  i^roportions  and  weight  of  sediment  carried  in  suspension,  given 
rates  and  dej^th,  of  natural  flow  of  the  fresh  water,  given  heights  of  tide 
and  given  force  and  direction  of  wind,  to  make  np  a  complicated  theoret- 
ical formula,  showing  approximately  the  probable  action  of  the  water 
outside  of  the  jetties  under  certain  assumed  conditions,  but  it  would  have 
no  practical  value  whatever,  as  it  would  relate  only  to  one  special  set  of 
assumptions,  which  might  not  occiir  together  once  in  any  year,  if  ever. 

Instead  of  any  such  formula,  the  investigating  engineer  must  be  con- 
tent, at  first,  with  mere  general  statements  of  the  causes  oiierating,  and 
with  the  facts  to  be  obtained  hereafter  from  careful  soundings.  Future 
soundings,  compared  with  those  of  the  past,  will  surely  show  what  be- 
comes of  the  sedimentary  material  carried  into  the  gulf  through  the 
'South  Pass.  Experience  tells  us,  that  where  a  considerable  volume  of 
liver  water  flowing  rapidly,  enters  a  salt  water  ocean  (or  gulf),  it  does  not 
immediately  lose  its  identity  as  a  river  stream,  and  that,  in  the  main,  it 
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'Continues  to  flow  directly  onwavcl  over  the  sea  water,  for  a  long  distance 
seaward,  and  only  very  gradually  loses  its  velocity.  Meanwhile,  it  must 
be  granted,  that  portions  of  the  fresh  water — being  a  trifle  higher  than 
the  sea  level  at  the  outer  ends  of  the  jntties — will  naturally  spread  on 
each  side,  and  flow  away  laterally  ;  but  this  quantity,  near  to  the  jetties, 
where  the  onward  velocity  is  greatest,  must  be  small  compared  with  the 
principal  flow.* 

In  long  continued  heavy  blows  from  the  eastward,  a  sea  current, 
crossing  this  river  discharge  nearly  at  right  angles,  must  tend  to  bend  it 
toward  the  west,  and,  upon  the  subsidence  of  the  gale,  and  especially 
when  the  wind  hauls  around  and  blows  from  the  westward,  a  strong  re- 
turn current  must  occur  in  front  of  the  South  Pass  entrance.  Such 
action  and  reaction  have  the  effect  of  distributing  a  portion  of  the 
sedimentary  matter  in  suspension  westward  and  eastward  of  the  direct 
line  of  flow,  and  also  of  moving  along  the  sea-slope  a  sand  and  mud  pre- 
viou.sly  deposited  outside.  Thus,  although  the  bar  in  front  of  each  of 
the  mouths  of  the  Mississippi  has  been  isrojected  farther  into  the  Gulf 
than  the  bays  which  are  left  between  them,  yet  these  bays  are  also  con- 
stantly shoaling,  and  gradually  following  the  general  movement  of  the 
■  delta,  gulf  ward.  But  for  these  actions  and  reactions  created  by  the  tide 
and  winds,  in  connection  Avitli  the  variable  river  discharge,  each  pass 
would  naturally  construct  for  itself  a  long,  comparatively  narrow  em- 
bankment, leaving  deep  water  between  the  mouths.  An  examination  of 
the  charts  of  the  coast  survey  will  show,  very  clearly,  the  result  of  the 
•several  operating  causes  referred  to. 

It  is  not,  therefore,  suriarising  that  there  should  be  differences  of 
opinion  among  engineers  respecting  the  future  action  in  front  of  the 
jetties  now  in  the  course  of  construction  ;  Init  if  experience,  and  judg- 
ment based  upon  it,  are  of  value,  there  would  seem  to  be  no  substantial 
reason  for  doubting  ultimate  success  in  creating  and  maintaining  a 
much  better  ship  channel  than  has  ever  been  obtained  at  any  mouth  of 
the  Mississippi,  a  channel  which  can  be  kept  always  na-sdgable  for  deep 
ocean  vessels  at  a  very  moderate  annual  cost ;  the  cost  being  absolutely 
insignificant,  when  put  into  comparison  with  the  great  national  benefit 
of  a  deep  channel  entrance  from  the  Gulf  to  the  deep  water  of  the  river.f 

•  We  must  bear  in  miud,  that  the  reRimen  of  the  discharge  is  totally  revolutionized  by  con- 
lining  the  water,  in  its  deepened  channel  between  the  jetties,  instead  of  allowiug  it  to  spread 
out  in  every  direction  us  a  shallow  stream,  losing  a  large  portion  of  its  velocity  by  friction 
aKuiuKt  the  bar.  The  concentrated  volume  of  fresh  water  will  exert  a  power  which  has  never 
Ijelore  been  seen  at  that  Pass. 

t  Many  engineers  who  have  not  had  occasion  to  make  a  critical  investigation  of  the  char- 
acteristics of  the  Gulf  of  Mexico,  may  be  somewhat  surprised  upon  reflecting,  that  on  a  line 
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In  fairness  to  those  engineers  who  have  advoeatecl  the  jetty  system  fir 
preference  to  a  canal,  for  the  ixn-manent  imiirovement  of  the  month  of 
the  Mississippi,  it  may  be  proper  to  mention  a  few  points  which  have  not 
been  snfficiently  dwelt  upon,  in  any  of  the  discussions  which  have  i)ub- 
licly  appeared. 

There  has  been  a  pretty  general,  if  not  an  almost  universal,  impres- 
sion left  in  the  public  mind  that  a  canal,  giving  deep  navigation  between 
the  river  and  the  Gulf,  would  not  involve  the  construction  and  mainten- 
ance of  jetties.  This  is  very  far  from  being  the  case.  At  every  i)oint 
which  has  been  proposed  by  the  friends  of  the  canal  plan,  jetties  were  a 
necessity  in  order  to  reach  the  deep  water  of  the  Gulf,  and  should  any 
other  point  be  selected,  it  would  be  necessary  to  construct  and  maintain 
jetties  through  the  sloping  beach  to  the  deep  water.  These  canal  end 
jetties  would  differ  from  the  jetties  now  in  course  of  construction,  chiefly 
in  this  :  that  no  strong  river  current  canning  sediment  would  pass 
through  them.  There  would  be  nothing  more  than  the  lockage  water 
discharged  by  the  lockage  of  each  vessel  entering  and  departing.  Never- 
theless, the  canal  jetties  would  be  exposed  to  the  action  of  the  sea,  from 
the  tides  and  winds,  and  the  mouth  of  the  canal  would  be  liable  to  silt 
up  from  two  causes,  namely  :  from  the  sediment  which  would  be  carried 
in  suspension  by  the  lockage  of  the  river  water,  and  from  the  shifting  of 
the  sands  and  miul  by  sea  action  in  front.  The  canal  outlet  referred  to, 
would,  in  the  first  instance,  have  to  be  made,  by  dredging  to  secure  the 
required  depth,  and  at  the  points  where  a  canal  has  been  proj)osed,  the 
depth  of  water  outside,  on  a  nearly  level  sea  plateau,  is  only  about  the 
same  as  the  artificial  canal  depth  proposed,'  say  30  feet,  or  5  fathoms. 
And  if  the  entire  delta  is  moving  forward  into  the  Gulf,  which  all  engi- 
neers as.sume  is  the  fact,  it  could  only  be  a  question  of  time  w-hen  the 
plateau  in  front  of  the  canal  debouchure  should  be  filled  with  deposit  of 
sand  and  mud.  Meanwhile,  the  canal  jetties  would  be  exposed  to  the 
easterly  and  southeasterly  storms  of  the  Gulf. 

According  to  my  judgment,  as  fully  explained  and  elaborated  before 
the  mixed  Commission  of  Engineers,  after  we  had  carefully  examined 
the  whole  subject  and  all  of  the  points  on  the  ground,  a  canal — if  a  canal 
plan  were  to  be  chosen — should  be  made  to  debouche  not  at  or  near 
Fort  St.  Phillip   or  any  place  so  far  up  the  river,  but  near  the  river 

projected  forward  Irom  the  end  of  the  Mississippi  delta  to  the  nearest  land  in  front— which  is 
the  Island  of  Cuba— it  is  nearly  GOO  miles,  or  as  far  as  it  is  in  a  direct  line  from  St.  Louis  to  New 
Orleans.  If  we  knew  how  many  centuries  the  Mississippi  has  taken  to  push  the  delta  from 
New  Orleans  to  the  present  land  end,  we  could  form  a  better  idea  of  what  it  may  do  in  the 
future. 
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luouth  ;  so  that  the  caual  jetties  would  cud  ou  a  heaeh  sloping  to  the 
deep  water  of  the  Gulf,  and  where,  instead  of  having  5  to  6  feet  height 
of  lockage,  there  would  be  nothing  more  than  the  tidal  lockage  of  1  to  2 
feet.  This  would  constitute  a  much  better  canal  entrance  than  any  that 
lias  been  indicated  by  the  friends  of  the  canal  system.  The  principal 
oltjection  to  going  so  near  the  mouth  appeared  to  be  that  the  material 
there  was  too  soft,  as  compared  with  the  material  nearly  opposite  Fort 
)!5t.  Phillip  on  the  Gulf  ;  which,  according  to  our  examination,  is  not  the 
fact  ;  the  material  is  essentially  the  same,  and  wciuld  admit  of  the  safe 
construction  of  locks  at  either  site. 

If  to-day,  the  lock  and  canal  outlet  jetties,  and  the  open  river  mouth 
jetties  were,  respectively,  completed,  no  engineer  would  be  warranted  in 
claiming  that  the  canal  outlet  could  be  maintained  intact  and  of  full 
•dei)th,  at  less  annual  cost  than  the  open  river  mouth  can  be  maintained. 

The  canal  outlet  would  of  itself  hv  inert,  yet  still  exjjosed  to  the  sea 
action,  tending  to  silt  up  in  front  and  in  the  outlet  itself  ;  while  the 
river  outlet  is  vigorously  belligerent,  having  in  itself  a  j)owerful  force  in 
its  natural  river  flow,  to  drive  out  the  sea  and  thus  to  maintain  its  dejjth 
between  the  jetties. 

Since  this  discussion  began,  it  has  occurred  to  me  that  a  few  words 
in  regard  to  some  i^oints  touched  upon  by  Maj.  Howell  may  serve  to 
further  elucidate  the  subject.  With  the  bulk  of  his  remarks  containing 
general  views,  I  believe  there  is  now  no  material  difference  of  opinion 
among  the  advocates  respectively  of  the  canal  and  jetty  projects.  The 
real  difference  between  these  two  jjarties  is,  that  the  friends  of  the  canal 
project  believe  that  the  jetties  will  be  a  failure,  while  the  friends  of  the 
jetty  system  believe  that  they  will  be  a  success,  and  a  short  time  must 
settle  this  question.  At  all  events,  an  attempt  to  solve  the  problem 
practically  is  now  going  on — not  at  the  expense  of  the  Government,  but 
of  Capt.  Eads  and  Ms  friends,  who  have  put  money,  labor  and  brains  in 
the  undertaking. 

Some  of  the  points  made  which  need  a  little  correction,  seem  to  have 
been  due  to  incomplete  information,  or  want  of  time  thoroughly  to 
study  the  cases  to  which  they  refer.  This  is  esijecially  so,  in  regard  to 
the  comparison  between  the  Damietta  branch  of  the  Nile  and  the  South 
Pass  of  the  Mississippi.  These  are  radically  different,  not  only  in  the 
shape  and  nature  of  the  bar,  but  in  the  very  imiiortant  particular,  that 
while  there  is  always  a  large  amount  of  Avater  flowing  out  at  the  South 
Pass,  even  in  the  lowest  stage  of  the  river,  scarcely  any  at  all  flows  oiit 
in  the  lowest  stage  of  the  Damietta  branch  of  the  Danube  ;  and  within 
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the  mcnmn-  of  man  there  has  never  been  any  tiling  like  u  sliij)  eliunnel 
across  the  l)ar,  even  when  the  Nile  was  in  its  highest  flood — as  it  wa^, 
"when  we  visitetl  the  place  in  1871  ;  it  was  then  higher  than  it  had  been 
for  sixty  years. 

An  artificial  harbor  could  be  constructed  and  kept  clear  at  some 
other  i)oint  away  from  the  front  of  this  excessively  fluctuating  river,  but 
not  oi>posite  to  it,  or  by  allowing  the  river  sediment  to  discharge  into  it 
during  the  floods.  This  is  precisely  what  I  meant,  when  pronouncing 
this  outlet  of  the  Nile  a  proper  place  for  a  canal,  which  should  have  its 
debouchure  some  distance  away  from  the  discharge  and  immediate  influ- 
ence of  the  river. 

It  is  the  absohit(>  cessation,  for  a  considerable  period  every  year,  of 
the  river  flow  to  the  sea,  that  creates  the  peculiar  chai'acteristic  of  the 
mouth  of  the  Damietta  branch.  It  is  not  in  the  least  analogous  to  the 
case  of  the  Mississippi  river  at  New  Orleans  ;  for  there  there  is  always, 
at  all  seasons,  the  Avhole  immense  flow  of  the  MississipjDi  river  passing, 
and  the  sea  water  by  way  of  the  river,  never  comes  within  a  hundred 
jniles  of  New  Orleans. 

On  the  other  hand,  in  the  low  water  stage  of  the  Damietta  branch  of 
the  Nile,  the  river  thence  to  the  Mediterranean  becomes  nothing  more 
than  an  arm  of  the  sea,  and  the  waves  play  with  the  east  bar  in  front, 
precisely  as  if  the  river  were  obliterated,  Avhicli  for  the  time  being,  and 
until  the  annual  rise  from  the  upper  Nile  comes,  it  is.  For  more  than  a 
thousand  miles  above  its  moutli,  the  Nile  does  not  receive  a  single 
tributary,  large  or  small,  nor  is  it  ever  augmented  by  rains  on  this 
distance.  All  its  waters  come  from  the  vicinity  of  the  equator,  about 
30°  farther  south.  The  Nile  is  a  river  sui  generis,  which  must  be 
studied  by  itself  ;  hence,  works  which  may  be  appropriate  at  the  mouth 
of  the  Mississippi,  would  be  worse  than  iiseless  at  the  Damietta  mouth 
of  the  Nile,  and  this  is  a  point  which  Maj.  Howell  does  not  seem  to 
have  considered. 


ON   HYDRAULIC   EXPERIMENTS  WITH   LARGE   APERTURES 

OF     DISCHARGE.  * 

Mk.  Theodoee  G.  Ellis. — I  wiU  refer  to  a  criticism  of  tliis  i)ai)er 
in  the  "Engineering  and  Mining  Joiu-nal  ;"t  the  writer  does  not  seem  to 
have  given  as  much  attention  to  the  subject  as  I  could  wish  in  order  to 


*Eeferring  to— CXVin,  Description  and  Eesults  of  hydraulic  Experiments  with  large 
Apertures,  at  Holyoke,  Mass.,  T.  G.  Ellis,  page  19.  t  Engineering  and  Mining  Journal,  Vol. 
XXI,  page  467. 
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understand  exactly  what  was  meant.  He  appears  to  think  it  was 
intended  to  assume  a  new  vahie  for  the  force  of  gravity  because  it  was 
computed  from  La  Place's  formula  with  Bessel's  constants  for  the 
latitude  of  the  place  and  the  height  above  the  level  of  the  sea.  This 
was  done  to  obtain  the  exact  value  of  the  force  at  the  place,  and  not  to 
vary  from  the  ordinarily  accepted  value  of  the  force  of  gravity.  I 
wished  to  notice  even  the  smallest  fraction  of  error  jjossible,  and  that  is 
why  this  quantity  for  the  place  was  computed,  instead  of  taking  the 
usual  apijroximate  number. 

Another  j^oint  mentioned  is,  that  there  is  some  fractional  discrepancy 
in  the  value  of  the  co-efficients  given,  so  that  it  is  better  to  take  a  mean 
of  all  the  experiments  as  a  mean  co-efficient  for  all  the  apertures.  The 
formulas  which  we  have  used  up  to  the  present  time  have  been  chiefly 
derived  from  the  experiments  of  Poncelet  and  Lebros.  The  extreme 
head  under  which  these  experiments  were  tried  was  erroneously  stated 
in  the  paper  to  have  been  about  10  feet,  when  in  reality  they  were  only 
taken  to  a  height  of  1.7  metres,  or  about  5^  feet;  their  tables  were 
extended  upward  and  downward  to  include  about  10  feet,  so,  as  copied 
into  other  works,  they  are  generally  taken  up  to  that  distance.  It  was 
not  until  I  examined  the  original  experiments  that  I  discovered  the 
facts.  Their  actual  experiments  show  that  for  every  different  size  and 
shape  of  aperture  there  is  a  different  curve  for  the  value  of  the  co-effi- 
cients, and  after  getting  above  a  certain  head  they  all  approximate  a 
minimum  value  that  is  apparently  in  the  neighborhood  of  about  60  ;  but 
as  the  head  diminishes,  the  value  of  the  co-efficient  increases,  so  there  is 
also  a  maximum  point  in  the  curve,  and  this  maximum  is  greater  with 
the  smaller  apertures.  I  have  lately  been  engaged  in  examining  care- 
fully these  and  other  experiments,  in  connection  with  my  own,  to 
discover  the  law  of  these  curves,  and  their  relation  jto  the  different 
sized  apertures. 

There  are  some  discrepant  observations  recorded  in  the  experiments, 
but  it  was  not  considered  best  to  discard  them.  The  practice  of  not 
recording  apparently  discrepant  observations  is  a  bad  one  ;  often  what 
from  jDreconceived  opinion  was  supposed  to  be  an  error,  has  proved  to 
be  the  key  to  the  whole  law. 

I  intend  to  carry  this  subject  further,  and  am  at  present  examining 
all  the  best  known  experiments,  with  a  view  to  make  a  table  of  co- 
efficients for  the  use  of  myself  and  others. 
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ON  LEVEES,  t 

Mr.  Caleb  G.  Forshey. — The  paper  under  discussion  lias  mucli! 
merit ;  especially  in  the  history  of  this  phase  of  hydrologic  science. 
The  "  Mississipjii  levees  "  have  been  treated  with  more  or  les.s  detail  by 
all  writers  on  the  history  or  jihysies  of  this  great  river;  Pitman,  Stod- 
art,  Martin,  Flint,  Monette,  Forshey,  J  Thomassy,  by  Humphreys  and 
Abbot,  and  now  by  Bayley.  It  may  be  considered  as  Avell  recorded  in 
the  pages  of  hydrographic  literature.  Referring  to  the  paper,  attention, 
is  first  called  to — 

effect  of  levees  upon  the  flood  line. — The  writer  undoubtedly 
places  that  question  beyond  cavil,  if  anything  was  before  needed. 
Prior  to  levees,  every  bend  gaye  an  outlet  of  3  or  4  feet  over  the  banks, 
for  2  or  3  miles  of  cun-ent.  Tlie  sum  total  of  this  outlet  capacity 
was  much  greater  than  any  crevasses  that  in  recent  times  inundated  the 
country.  "  There  are  many  banlis  on  the  river  front  w'here  the  natural 
surface  of  the  ground  has  never  been  overflowed  in  the  memory  of  man." 
This  is  termed  a  fallacy  by  the  learned  authors  of  "Physics  and  Hydrau- 
lics of  the  Mississippi  river,"  chiefly  because  "  there  have  been  crevasses 
more  or  less,  every  flood. "  I  respectfully  dis.sent,  and  allege  that  if  the. 
waters  before  levess  existed  were  high  enough  to  deposit  these  banks, 
they  were  higher  than  at  present  under  the  influence  of  levees. 


*  Continued  from  page  298.  t  Referring  to — CXXI,  Levees  as  a  System  for  Reclaiming 
low  Lands.  G.  W.  R.  Bayley;  page  115.  +  Delta  of  the  Mississippi,  and  Physics  of  the  River, 
Control  of  its  Floods  and  Redemption  of  the  Alluvion,  a  paper  read  before  the  American  Asso- 
ciation for  the  Advance  of  Science,  1872.  The  Levees  of  tlio  Mississippi  River,  Transactions, 
Vol.  Ill,  page  267. 
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Tlie  levees  were  built  from  below  ;  aud  the  gradual  manner  of  tlieir 
application  enabled  the  river's  bed  to  adapt  itself  to  the  new  servitudes. 
We  are  forced  to  the  conclusion  that  the  river's  bed  has  greatly  enlarged. 
In  addition  to  the  sections  measured  by  me,  as  stated,*  I  have  since  as- 
sisted Lieut.  Davis  in  a  very  careful  remeasurement  of  Sections  5  and  6  of 
the  prime  base  of  the  Delta  survey,  as  measured  by  me  in  1851  for  Gen. 
Humi^hreys,  chief  of  that  survey.  The  remeasurement  of  these  sections 
shows  a  total  enlargement  of  13  G-IG  square  feet  of  the  sections  sounded 
by  the  Delta  sui"vey  above  the  j^rime  base,  and  within  2  miles  above 
Carrolton  I  have  resounded  4  sections,  and  Mr.  W.  H.  Williams  has 
re-computed  them  with  care  and  precision. 

They  correspond  to  sections  of  Delta  survey,  thus  : 


Square  Feet. 


Section. 

1851. 

1872. 

DiFFEBENCE. 

56 

226  267 

233  193 

+  6  926 

58 

227  458 

226  877 

-  581 

69 

209  211 

229  325 

+  20  084 

78 

189  128 

194  945 

+  5  817 

These  illustrate  the  allegation  of  an  increase  of  clianuel  capacity. 

The  facts,  of  the  shifting  banks  of  the  river  and  the  levees  prevent- 
ing the  deposit  of  materials  upon  the  ground  formerly  visited  by  the 
river,  are  of  some  importance  to  record,  while  they  are  remembered; 
the  localities  where  this  testimony  is  furnished  ])roving  the  early  floods 
as  great  as  more  recent  ones.  I  would,  therefore,  refer  to  a  series  of 
points  not  changed,  where  the  water  has  never  been  a  foot  above  the 
banks  since  the  application  of  levees.  This  kind  of  testimony  is  now 
rare,  and  the  persons  who  remember  the  localities  are  much  rarer. 

Beginning  below  New  Orleans  and  ascending,  they  are  : 

1.  The  upper  extreme  of  Point  La  Hache,  40  miles  below.  L.t 

2.  Deer  Kauge,  above  landing,  3G  miles  below.  K. 

3.  Concord  plantation,  upper  end,  25  miles  below.  L. 

4.  Fort  St.  Leon,  17  miles  below.  R. 

5.  Bocka  plantation,  13  miles  below.  R. 

6.  Belleville  Foundry,  opposite  lower  portion  of  the  city.  R. 

7.  Friendship,  Labarre's  place,  2  miles  above  Carlton.  L. 

8.  Union,  Dussieux  plantation,  at  lower  end,  13  miles  above.  R. 

9.  Red  Church,  26  miles  above.  L. 

10.  Bonnet  Carre  Point,  Glendale,  Ferry  landing,  E. 


■  Pago  137.        t  L  for  left,  and  R  for  right  bank. 
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n.  College  Point,  CO  miles  above.  L. 

12.  Australia,  lower  line,  115  miles  above.  K. 

13.  Glennons,  IGO  miles  above.  R. 

14.  Bayou  Sara,  below  opposite  168.  R. 

15.  Homo  Place,  235  miles  above  Now  Orleaus,  30  above  Red  river.  R. 
10.  Ellis  Cliffs,  be  ow  opposite,  252  miles  above.  R. 

17.  Goodman's  plautation,  310  miles  above  New  Orleans,  3  miles  above  Waterproof.  R. 

18.  Perkins,  above  mouth  of  Vidal  Bayou,  3G0  miles  above.  R. 

19.  Wilkinson's  Point  (T  15,  R  XIV  lower  side).  R. 

20.  Hendersons,  lower  part,  T  19,  R  XIV,  412  miles  above.  R. 

21.  PilcUer's  Point,  upper  end.  Bunch's  Bend,  4G0  miles  above.  R. 

At  each  of  tliese  points,  there  was  in  1872,  te.stimony  of  adequate  kind, 
that  the  highest  flood  mark  was  not  higher  now  than  when  the  land  be- 
hind the  levee  was  deposited.  The  levee  was  small,  less  than  2  feet 
high,  in  many  cases  not  1  foot,  and  the  flood  mark  often  less  than  6 
inches.     The  water  depositing  the  laud  must  have  been  1  foot  deep. 

TENDENCY   OF   SOUTHWARD    FLOWTNG   WATERS   TO   IMPINGE   AGAINST    THE 

WEST  BANK. — Keclus  is  well  sustained  in  his  remark  upon  the  Missis- 
sippi as  not  confirming  "the  law  of  displacement  of  running  waters."  I 
however,  dissent  from  the  doctrine  as  alleged  by  him  and  affirmed  by 
Mr.  Bayley,  although  it  appears  to  be  sustained  by  illustration.  The 
laws  of  physics  forbid  it.  The  earth  in  its  rotation  revolves  as  a  whole, 
water  and  all ;  and  there  is  no  appreciable  tendency  of  water  rather  than 
of  solids,  to  incline  to  the  "West.  The  rate  of  velocity,  3  miles  per  hour 
against  900,  would  be  inappreciable  in  the  revolution  of  the  earth.*  The 
weight  of  evidence  is  on  the  other  side. 

The  Mississippi  river  hugs  the  bluflfs  of  the  eastern  bank  from  Cape 
Girardeau  to  Lat.  35°,  below  Memphis,  a  distance  of  300  miles.  From 
thence  to  Vicksburg,  it  bisects  the  alluvial  area  380  miles,  inclining  to 
neither  side.  From  Yicksburg  to  Baton  Rouge,  a  distance  of  250  miles, 
it  hugs  the  eastern  bluffs  again,  and  thence  to  the  mouths  it  inclines  to 
the  South  East  for  240  miles.  In  its  whole  distance  of  1200  miles  it 
touches  but  once  the  western  bluff's  at  Helena,  when  as  free  as  air  to 
choose  its  course.  And  when  the  mouth  is  reached,  and  it  divides  in 
three,  and  ultimately  into  about  seventeen  mouths,  it  sends  one-third  to 
the  South  Pass  and  two-thirds  to  the  other  directions,  as  moved  above, 
southeastward.     And  again;   the  deposit  of  sediment  on  the  west  side, 


*  I  take  excepUon  to  Reclus'  doctrine  of  the  westward  tendency  of  rivers  emptying  aouth- 
ward  ;  and  chiefly  because  of  the  disproportion  between  the  velocities.  I  quote  the  velocity 
of  the  Mississippi  river  at  3  miles  per  hour;  this  is  the  rate  of  channel  movement,  and  not  the 
movement  in  latitude,  which  is  much  less.  The  movement  southward,  of  the  Mississippi's 
water  is  as  c^ne  to  two  compared  with  the  channel  movement.  The  rate  compared  with  the 
movement  of  the  eavth  upon  its  axis  is  then  as  1.5  miles  to  900  miles,  and  is,  therefore,  for  a 
stronger  reason  than  the  one  assigned,  inappreciable. 
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thus  fending  off  the  river,  is  in  proof  that  all  rivers  with  alluvion  should 
be  driven  to  the  eastward  rather  than  toward  the  western  shore. 

The  Mississii^pi  river  in  its  wliole  alluvial  length  is  in  singular  defiance 
of  this  hypothesis.  An  examination  of  the  chief  rivers  of  the  American 
continent,  where  they  are  larger  than  elsewhere,  wiU  be  found  to  con- 
travene the  allegation  of  any  appreciable  influence.  The  Mississippi, 
Pearl,  Pascagoula,  Mobile,  Apalachicola,  Savannah,  Santee,  Cape  Fear, 
Neuse,  Roanoke,  Pamlico,  Cliowau,  James,  Potomac,  Delaware,  Sus- 
quehanna, Hudson,  Housatonic,  Connecticut,  Androscoggin,  Penob- 
scot, St.  Croix,  Sabine,  Trinity,  Brasos  and  Corao,  with  a  singular 
uniformity  contradict  the  assertion  of  westward  tendency,  leaving  only, 
some  small  unimportant  rivers  on  the  whole  North  American  continent 
apparently  sustaining  the  hypothesis. 

In  South  America,  the  direction  of  flow  of  the  Orinoco,  the  Amazon  and 
all  smaller  rivers  to  St.  Roque,  is  coincident  with  the  alleged  influence, 
and  nothing  can  be  inferred  from  them.  Thence  all  the  rivers  down  to 
the  La  Plata  run  normal  to  the  ocean  beach,  and  do  not  sustain  the  hy- 
pothesis. 

The  rivers  of  Western  Europe  running  south  are  all  small,  except  the 
Ehone,  Guadiana,  Guadalquiver  and  Ebro,  which  aff'ords  a  striking  con- 
tradiction. In  Eastern  Europe,  the  Dneiper  and  the  Don,  the  Volga  and 
the  Ural  are  all  wanting  in  testimony  in  its  favor. 

The  only  rivers  of  any  magnitude  in  Asia,  that  flow  southwardly,  are 
the  Euphrates,  the  Indus  and  the  Ganges,  and  we  look  in  vain  to  these 
for  testimony  that  their  waters  have  a  westward  tendency  in  their  flow. 

The  hypothesis  would  require  that  all  rivers  flowing  southward,  in 
their  approach  to  the  mouth,  should  hug  the  uplands  till  they  reach  the 
alluvion  and  then  have  a  westward  flexure  in  their  discharge  ;  whereas 
the  cumulative  evidence  is  indefinitely  great  that  no  such  influence  is  ap- 
preciable. I  have  been  thus  elaborate,  because  of  the  high  authority  of 
Reclus,  sustained  by  Mr.  Bayley,  and  because  of  the  necessity  of  being 
right  in  the  establishment  the  physics  and  projecting  the  works,  of  a 
river,  to  which  the  attention  of  the  engineering  world  is  now  drawn. 

CUT-OFFS. — The  cut-ofTs  of  the  Mississi^jpi  have  been  too  numerous, 
since  its  navigation  by  steamboats  and  occupation  by  man,  to  permit  the 
return  to  a  previous  regimen,  from  natural  causes.  The  assum^jtion  that 
it  will  maintain  the  same  length,  in  any  long  period,  is  too  violent,  in  re- 
cent times,  whatever  may  have  been  the  truth  prior  to  the  settlement  of 
its  hydrograi)hic  basin.     The   numbL^i-  of  cut-offs  by  artificial  means  has 


outstripped  the  tondoncy  to  lengthen  itself,  and  the  plane  of  discharge 
has  been  greatlj'  increased  in  the  present  century.  Every  cut-off  that 
has  occurred  has  been  largely  assisted  by  artificial  means.  No  less  than 
seven  have  taken  place  below  the  mouth  of  Arkansas,  within  a  half  cen- 
tury. Probably  not  more  that  two  or  three  of  these  would  have  occurred 
without  aid.  They  have  abridged  the  length  of  the  river  by  about  106 
miles,  and  it  has  lengthened  itself  less  than  20  miles,  by  increased  caving 
in  the  concave  bends  ;  all  of  which  have  travelled  downward.  The  618 
miles  as  now  measured,  should  be  724  miles  or  17  per  cent,  more;  the  ve- 
locity of  3  miles  iier  hour  has  increased  to  3.4  miles  ;  and  the  abrasions 
have  been  in  proportion.  The  confinement  of  the  water  to  the  channel 
by  levees,  has  increased  the  servitude  without  sensibly  increasing  the  ve- 
locity. They  have  assisted  to  increase  the  Capacity  of  the  channel  by 
widening  and  deepening,  as  shown  by  Mr.  Bayley.  The  cut-offs,  hoAvever, 
have  increased  the  steepness  of  the  ]Aane  of  discharge,  and  hence  the  rav- 
ages ujjon  the  banks.  They  are  most  disastrous  in  their  effects,  and  should 
be  prevented  by  all  the  means  that  law  and  watchfulness  can  devise.* 

OUTLETS  OK  WASTE  WEiKS. — The  effects  of  these  are  well  elaborated 
by  Mr.  Bayley,  in  his  proofs  that  a  bar  will  form  almost  immediately 
across  the  stream,  directly  below  the  weir  or  outlet.  This  is  amply  shown 
in  my  report  upon  Bonnet  Carre  in  1850.t  Soundings  in  the  fall  of 
1850,  showed  section  below  to  be  contracted  75  613  square  feet  as  com- 
pared with  section  at  upper  end  of  crevasse.  Soundings  made  during 
high  water  of  1851,  the  crevasse  having  been  closed,  proved  that  the 
great  bar  thrown  across  the  river  channel  by  weakening  its  transporting 
forces,  in  the  discharge  of  water  through  the  crevasse,  was  entirely  carried 
away  again,  when  the  river  was  confined  by  the  new  levee.  The  differ- 
ence was  23  000  feet  in  section.  J 

This  paper  of  Mr.  Bayley,  is  full  of  suggestion  and  a  valuable  contri- 
bution to  the  annals  of  the  Society.  § 


*  I  herewith  submit  a  paper  on  "  Cut-Offs  on  the  Mississippi  River,  their  Effects  on  the 
Channel  above  and  below  ;"  wherein  the  subject  is  discussed  more  at  length.  It  will  be  foiind 
mainly  in  harmony  with  the  paper  under  discussion. 

t  Published  in  Public  Documents,  Louisiana  Senate,  1851. 

t  As  I  was  first  to  announce  this  fact  in  the  physics  of  the  river,  and  it  has  given  rise  to 
much  discussion  since,  I  deem  it  worth  re-claiming,  as  a  great  practical  principle  in  the  treat- 
ment of  the  river. 

§  Although  the  writer  has  given  frequent  references  to  authorities,  one  omission  is  to  be 
.noted.  The  statistics  in  the  remarks  on  Tones  Bayou  are  furnished  by  a  survey  of  Gen. 
Jeff.  Thompson  and  myself,  one  of  the  most  rapid  and  exposed  expeditions,  and  most  fruitful 
in  the  number  and  value  of  results,  to  be  found  in  American  eagineering;  see  Report  of 
Commission  of  Levee  Engineers,  January  1st,  1873. 
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Mr.  Gouverneur  K.  Warren.* — My  ideas  on  this  subject,  in  rela- 
tion to  the  Mississippi,  are  set  forth  in  the  report  of  the  Commission  on 
the  reclamation  of  the  alluvial  lands  of  the  Mississippi,!  of -which  Com- 
mission I  was  appointed  President.  This  Commission  was  composed  of 
five  members  appointed  by  the  President  of  the  United  States,  under  an 
Act  of  Congress,  which  provided  that  two  of  them  should  be  "  civil 
engineers  eminent  in  their  i^rofession,"  and  three  of  them,  officers  of 
the  Corps  of  Engineers.  After  a  thorough  consideration  of  the  subject, 
with  the  most  recent  data  carefully  collected  and  studied,  that  Com- 
mission made  an  unanimous  report.  One  of  the  members,  Gen.  Abbot, 
of  the  Engineer  Corps,  had  .shared  with  Gen.  Humphreys,  the  laborious 
investigations  in  regard  to  the  subject  of  levees  on  the  Mississippi  river, 
and  also  the  honor  and  credit  which  their  contribution,  known  as  the 
"  Physics  and  Hydraulics  of  the  Mississii^pi  River,"  has  received. 

In  transmitting  the  report  of  the  Commission  through  the  Chief  of 
Engineers,  Gen.  Humphreys,  to  the  President,  a  common  sense  of  jus- 
tice caused  me  to  say:  "  The  foundation  of  the  report  of  the  Commis- 
sion rests  upon  your  invaluable  surveys  and  investigations,  which,  begun 
in  1850  and  continued  until  1861,  are  published  in  the  great  work  '  The 
Physics  and  Hydraulics  of  the  Mississippi  Eiver,  and  upon  the  protec- 
tion of  the  alluvial  region  against  overflow,'  &c.,  and  upon  the  further 
contributions  to  these  subjects  contained  in  your  published  official 
reports  in  1866  and  1869."  I  continued  ;  "  the  Commission  has  obtained 
additional  data  upon  subsequent  floods  and  the  results  of  the  more  recent 
experience  in  building  and  re-building  levees,  as  far  as  they  are  attain- 
able, so  that  their  report  is  in  a  great  measure  exhaustive  of  the  subject, 
and  the  conclusions  reached  may  be  considered  entitled  to  confidence." 

I  wish  it  to  be  known  that  this  letter  of  transmittal  was  written  and 
signed  by  myself  only,  just  us  the  j^rinted  report  shows,  and  this  ex- 
pression of  confidence  was  but  an  individual  opinion.  The  report, 
signed  by  all  the  members,  gives  the  foundation  for  that  confidence,  and 
is  expi'essed  in  facts  and  reasons.  To  the  reiJort  itself,  I  therefore  invite 
attention  of  those  who  wish  to  become  informed  of  my  views  on  the 
subject  of  levees.  J 

*  Presented  June  15tb,  1876. 

t  Report  of  the  Commission  of  Engineers  appointed  to  investigate  and  report  a  perma- 
nent Plan  for  the  Reclamation  of  the  alluvial  Basin  of  the  Mississippi  River  subject  to  Inunda- 
tion.    Washington.     1875. 

t  I  will  endeavor  to  furnish  a  copy,  to  every  one  who  will  apply  to  me  for  it,  giving  his 
address. 
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To  show  -wlirtt  those  cont'hisious  were,  I  will  hero  quote  them. 

1^.  Cti/-offs. — "  So  far  from  artificially  aiding  in  their  recurrence,  it  is 
therefore  the  emphatic  opinion  of  this  Commission,  that  in  every  case 
they  should  be  prevented,  or  at  least  retarded,  if  this  can  be  done  at 
any  reasonable  cost." 

2°.  Diversion  of  Tributaries. — "  No  such  works  are  practicable  excei)t 
at  enormous  expense,  and  the  injury  to  na^'igation  which  Avould  be  sure 
to  result,  would  in  any  event  forbid  their  execution." 

4'-^.  Outlets. — "  This  Commission  is  forced  unwillingly  to  the  conclu- 
sion that  no  assistance  in  reclaiming  the  alluvial  region  from  overflow 
can  judiciously  be  anticipated  from  artificial  outlets.  They  are  correct 
in  theory,  but  no  advantageous  sites  for  their  construction  exist." 

5^.  Levees. — "  There  are  certain  theoretical  views  concerning  the 
effects  of  levee  system  which  are  I'aised  again  and  again  in  discussing  the 
subject."  *  *  "  It  is  claimed,  since  the  effect  of  embanking  a  river 
is  to  confine  its  sedimentary  matter  to  the  channel,  that  the  deposit  for- 
merly made  on  the  banks  must  settle  on  the  bottom,  and  thus  ultimately 
raise  the  bed  and  with  it,  the  high  Avater  mark."  *  *  "No  change  of 
the  kind  attributable  to  levees  can  be  shown  to  have  occurred  in  any 
river,  and  the  theoiy  is  therefore  without  any  foundation  in  fact.  Dia- 
metrically opposed  to  this  is  another  theory,  which,  for  the  Mississippi, 
is  equally  erroneous,  *  *  that  the  increased  velocity  resulting  from 
the  confinement  of  its  flood  volume  between  levees  will  rapidly  excavate 
to  a  cori'espondingly  greater  depth,  thus  avoiding  any  permanent  inci'ease 
in  the  high  water  mark.  This  reasoning,  if  true,  would  establish  condi- 
tions singularly  fortunate  for  the  levee  system  ;  but  unluckily  the  wish 
has  been  father  to  the  thought.  Uncompromising  facts  show  that  the  pre- 
mises and  conclusions  are  both  erroneous  for  the  lower  Mississii^pi. 
Very  numerous  soundings  with  leads  adapted  to  bring  up  samj)les  of  the 
bottom  were  made  by  the  Mississippi  Delta  Survey*  throughout  the  whole 
region  between  Cairo  and  the  Gulf.  They  show  conclusively  that  the 
real  bed  upon  which  rests  the  shifting  sand  bars  and  mud  banks  made  by 
the  present  river  is  always  found  in  a  stratum  of  hard  blue  clay,  quite  un- 
like the  present  deposits  of  the  i-iver.  It  is  similar  to  that  forming  the 
bed  of  the  Atchafalaya  at  its  efflux,  and  is  well  known  to  resist  the  action 
of  the  strong  cui-rent  almost  like  marble.  Clearly  then  the  bed  of  the 
Mississippi  cannot  yield,  and  if  the  velocity  be  increased  sufiiciently  to 

*  Humphreys  and  Abbot. 
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comiDel  an  enlargement  of  tlie  channel,  it  must  be  made  by  an  increased 
caving  of  the  banks,  an  effect  which  is  not  quite  so  agreeable  to  con- 
template." 

I  wiU  here  interrupt  the  quotation  to  allude  to  the  reference  to  this 
clay  bed  of  the  Mississippi,  made  by  Mr.  G.  W.  R.  Bayley.*  He  says,t 
"  It  is  claimed  on  high  authority  that  the  clay  bed  of  the  Mississippi 
resists  the  action  of  the  strong  current  Hke  marble,  also  that  the  bed  of 
the  Mississippi  cannot  yield."  In  a  foot  note,  Mr.  Bayley  says,  the  "high 
authority"  is  "  Humijhreys  and  Abbot."  This  reference,  I  think,  is  a 
mistake.  I  have  looked  the  work  of  Humphreys  and  Abbot  through 
without  finding  it.  It  seems  probable  that  Mr.  Bayley's  quotation  is 
derived  from  the  report  of  the  Commission,  from  that  part  I  have  just 
quoted.  But  attention  is  asked  to  the  fact,  of  liis  having  omitted  the 
word  "  almost,"  so  that  he  makes  the  quotation  read — the  clay  bed 
"  resists  like  marble,"  whereas  it  should  read — "  resists  almost  like 
marble."  Even  in  this  last  form,  it  is  perhaps  too  strong  an  exj)ression 
and  might  better  have  been  omitted  altogether.  Nothing  in  the  report 
of  the  Commission  depends  upon  it. 

To  say  the  clay  bed  resists  the  action  of  strong  currents,  as  clay  is 
known  to  do,  where  the  current  can  act  upon  the  bars  and  banks,  which 
iire  largely  composed  of  sand,  is  all  that  is  claimed.  I  wiU  return  to  this 
subject  of  enlargement  of  the  channel  after  I  have  finished  quoting  from 
the  report  of  the  Commission,  which  I  wiU  now  resume.  "  In  truth,  no 
marked  eff'ect  of  the  kind  is  to  be  anticipated,  owing  to  the  comparatively 
short  duration  of  the  increased  discliarge  ;  for  evidently  the  levees  can 
produce  no  effect  ujion  the  regimen  of  the  river  where  the  water  does  not 
stand  over  the  natural  banks."  I  will  again  interrupt  the  quotations  from 
the  report  of  the  Commission,  to  state  that  the  data  showing  the  number 
of  days  the  river  water  is  against  the  levees,  is  given  for  sevei'al  floods 
from  Carrollton  to  Columbus,  in  "Physics  and  Hydraulics  of  the  Missis- 
sippi.":!: At  Carrollton,  tliis  period  is,  on  an  average,  100  days  in  a  year  ; 
at  Donaldsonville,  50  days.  The  number  of  days  rapidly  decreases  as 
we  ascend  the  river. 

I  will  resume  the  quotations.  ' '  Hence  really  the  practical  effect  of 
the  levees  wiU  be  limited  to  raising  the  high  water  mark,  and  to  slightly 
increase  the  caving.     Since  the  absolute  amount  of  the  increased  flood- 

*  One  of  tlie  most  eminent  engineers  of  the  delta  region,  in  his  interesting  paper  "  Levees 
as  a  System  of  Reclaiming  Low  Lands,"  page  115.        t  Page  133.        t  Page  411. 
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hoiK'lit  does  not  carry  the  cost  beyoud  the  limits  of  a  romnnerative  in- 
vostment,  it  is  the  part  of  wisdom  to  steadily  continue  work  without  in- 
dulging in  groundless  fears  that  the  river  bed  will  rise,  or  in  the  equally 
groundless  hopes  that  it  will  be  sensibly  depressed.     *     * 

"  The  prolongation  of  the  delta  into  the  Gulf  by  the  aggregation  of 
sedimentary  matter  is  also  assigned  as  a  cause  for  the  ultimate  rise  of  the 
bed,  and  hence  a  future  necessary  increase  to  the  height  of  the  levees. 
A  possible  secular  change  of  this  nature  is  quite  too  remote  in  its  effects 
to  merit  attention  from  practical  men  of  the  present  day,  Simple  cal- 
culation will  show  that  hundreds  of  years  wall  be  required  to  raise  the 
flood-height  at  New  Orleans,  an  inch  from  this  cause.  In  fine,  then,  we 
are  to  conclude  that  there  is  no  mysterious  agency,  either  favorable  or 
injurious,  which  may  be  expected  to  exert  a  controlling  influence  upon 
the  levee  system.  *  *  It  being  certain  that  the  alluvial  regions  of 
the  Mississippi  can  only  be  reclaimed  by  levees,  it  remains  to  consider 
what  experience  has  taught  respecting  them.  The  existing  system  was 
begun  a  century  and  a  half  ago  near  New  Orleans,  and  has  gradually 
extended  upward  until  there  are  but  few  points  on  the  river  at  which  it 
has  not  been  tried.  *  *  The  faults"  (of  the  system)  "are  only  too 
apparent.     They  are — 

"  First. — ^^^icious  levee  organization." 

"Second. — Insufiicient  height,  in  adjusting  which,  only  existing  high 
water  marks  have  been  considered,  without  remembering  that  there  has 
never  yet  been  a  great  flood  in  the  river  in  which  the  water  has  not  been 
greatly  lowered  by  immense  crevasses  which  occur  with  absokite 
certainty." 

"  Third. — Injudicious  cross  seetions  and  constructions,  which  alone 
would  be  sufficient  to  explain  many  of  the  frequent  breaks,  under  the 
combined  influences  of  pressure,  seepage,  burrowing  of  cra^\^fish,  &c." 

"  Fourth. — Inadequate  arrangements  for  inspecting  and  guarding." 

"  Fifth. — Faulty  location  of  the  embankments,  which  are  often  placed 
so  near  caving  banks  as  to  insure  an  early  destruction.  Each  of  the 
causes  of  this  failure  will  be  considered  in  turn." 

I  will  not  quote  this,*  but  wiU  invite  every  one  interested  in  the 
subject,  to  consult  the  report  of  the  Commission  and  see  how  these  matters 
are  there  treated. 

*  As  it  occrpies  11  octavo  pages. 


The  report  of  the  Commission  ends  with  recommending  a  plan  for 
protecting  the  aUuvial  region  of  the  Mississippi  from  overflow,  premis- 
ing it  with  the  remark  that  in  their  judgment  "no  practical  aid  can  be 
derived  from  any  diversion  of  the  tributaries  or  making  artificial  reser- 
voirs, that  cut-oflfs  are  very  pernicious,  and  that  artificial  outlets, 
although  correct  in  theory,  find  no  useful  application  to  the  Mississippi. 
The  plan  consists ;  first,  in  keeping  open  the  Atchafalaya,  and  the  La 
Fourche,  and  if  borings  shall  show  it  to  be  safe,  in  re-oj)ening  the  Pla- 
quemine  ;  second,  in  a  general  levee  system,  extending  from  the  head  of 
the  alluvial  region  to  the  Gulf,  including  the  valleys  of  the  tributary 
streams.  The  requisite  laws  to  be  enacted  by  the  several  riparian  States 
to  give  the  right  of  way,  to  confer  the  authority  to  make  borrow  pits 
and  bench  marks,  to  secure  the  levee  from  injury  from  cattle  and  hogs 
running  at  large,  and  to  order  out  in  times  of  danger,  under  suitable 
jjenalties  for  non-compliance,  the  population  residing  within  a  reasonable 
distance  from  the  levees.  The  main  line  of  levee  to  be  of  sufficient 
height  (as  already  comjiuted)  to  restrain  the  floods,  and  of  the  requisite 
cross  section  to  resist  the  action  of  the  water.  Where  reasonable  secu- 
rity against  caving  requires  large  areas  of  front  lands  to  be  thrown  out, 
protection  against  ordinary  high  waters  is  to  be  given  by  low  front  levees 
closely  following  the  bends,  suitable  sluices  and  gates  in  such  cases  to  be 
provided  in  the  front  and  main  levees  for  the  rain-water  drainage." 

This  quotation  comprises  the  engineering  features  of  the  plan. 
The  report  also  gives  an  outline  of  the  administration  of  the  work,  its 
division  into  districts,  and  the  manner  of  regulating  each  by  itself  and 
also  as  a  part  of  the  whole.  The  report  expresses  no  opinion  as  to 
whether  corporations,  States  or  general  government  could  best  carry  on 
the  Avork,  leaving  that  matter  to  the  legislative  body  that  instituted  the 
Commission. 

It  should  be  observed  that  the  report  of  the  Commission  presents 
a  practical  jjlan  for  the  whole  alluvial  region,  which  is  based  on  plain 
facts,  freed  from  hypothesis.  It  is  applicable  to  the  whole  region  at 
once.  "Were  there  money  enough,  it  might  all  be  built  in  a  very  shoi-t 
space  of  time.  It  accepts  an  increase  of  the  flood  heights  under  what 
seems  to  be  the  most  unfavorable  conditions,  the  ascertainment  of  which 
was  one  of  the  important  contributions  of  Humphreys  and  Abbot. 

The  people  in  Missouri,  Arkansas  and  Mississippi  can  go  to  work 
under  the  proposed  plan,  without  waiting  for  a  proper  beginning  in 
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Louisiana.  No  plan  of  protection  from  overflow,  liow(n'er  tliooretically 
perfect,  would  be  acceptable  to  the  people  of  the  Mississipi)i  valley,  whicli 
had  to  begin  at  the  mouth  and  be  carried  ujiward. 

I  will  return  to  the  question  of  the  enlargement  of  the  natural  water- 
way in  consequence  of  confining  to  it  all  the  -water  which  now  escapes 
over  the  banks.  I  will  waive  the  question  whether  the  enlargement  is  to 
take  place  by  scouring  out  the  clay  bed  or  by  the  increased  width  due  to 
caving  banks,  for  the  practical  end  would  be  the  same,  the  enlarged  bed 
would  carry  oflf  the  increased  volume  of  the  water  without  raising  the 
flood  height  as  Avell  in  one  case  as  the  other.  But  obviously,  we  cannot 
get  the  increased  scour  until  we  build  the  levees  and  close  the  outlets,  so 
as  to  confine  the  escaping  flood  water.  I  will  take  as  an  example  of  what 
mast  be  done,  the  case  of  a  levee  at  Natchez,  a  midway  place  of  the  allu- 
vial region.  There  the  river  on  March  6th,  1851,  was  level  with  the 
natural  banks,  and  on  March  31st,  "was  4  feet  above  them.  This  gives  a 
fair  idea  of  the  sudden  nature  of  the  rises  even  at  high  stages,  with  the 
river  imperfectly  leveed.  Had  the  river  been  perfectly  leveed,  so  that  the 
floods  Avhich  inundate  the  whole  region  25  to  60  miles  wide,  were  con- 
fined to  the  main  channel,  the  rise  would  have  been  more  rapid  and 
higher.  This  is  the  view  held  in  the  report  of  the  Commission.  But 
the  theory  of  an  enlarging  channel  says  no,  the  channel  would  have  in- 
creased so  as  to  prevent  this  increase  of  flood  height.  Granting  every- 
thing to  this  hypothesis  of  an  enlarging  channel  that  can  be  claimed  for 
it,  does  any  one  believe  that  this  enlargement  could  take  place  through- 
out the  length  of  the  river  between  Natchez  and  the  mouth,  in  the  short 
space  of  25  days  ?  Think  of,  or  compute  the  amount  of  material  that 
would  thus  have  to  be  carried  away  by  the  river  in  a  few  days  and  thrust 
out  into  the  Gulf,  to  keep  down  a  rise  of  a  few  inches,  if  adequate  levees 
were  built  for  the  whole  region.  It  must  not  be  forgotten  nor  kept  out 
of  sight,  that  it  is  the  whole  alluvial  region  we  are  considering.  It  does 
not  seem  reasonable  that  the  enlargement  could,  even  under  the  most 
favorable  conditions,  keep  pace  with  the  increasing  volume.  Does  it 
not  seem  more  probable  that  the  levees  at  first  would  have  to  be  as  high 
as  if  the  bed  was  unchangeable,  even  though,  when  once  the  water  was 
actually  confined  to  the  channel,  the  flood  heights  should  afterwards, 
through  many  years  of  erosion,  gradually  diminish  ? 

Common  experience,  and  all  accurate  measurements,  show  that  in  a 
rising  stage  of  a  stream,  as  the  volume  is  increased  the  surface  of  the 
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water  iu  the  stream  rises,  and  it  cannot  make  any  difference  where  the 
increase  of  volume  comes  from.  The  increase  of  volume  in  the  Missis- 
sippi below,  by  closing  the  Atchafalaya,  is  just  the  same  as  if  the  volume 
of  water  before  carried  off  by  it  came  from  a  new  affluent  of  the  same 
caj^acity  ;  or  more  exactly  to  indicate  what  I  mean,  suppose  at  a  flood 
stage  in  the  Mississipi^i,  the  Atchafalaya  just  carried  off  the  water 
l)rought  in  by  Ked  Eiver,  then  the  closing  of  the  Atchafalaya  would 
practically  add  the  volume  of  the  Red  River  to  the  Mississippi,  and  cause 
it  to  rise.  Increased  levee  heights  would  then  necessarily  be  needed  on 
the  Mississijjpi  below  it,  unless  we  can  suppose  the  bed  of  the  Mississippi 
to  accommodate  this  increased  volume. 

A  belief  in  such  sudden  enlargement  is  not  generally  held  by  engi- 
neers. Very  valuable  experience  on  this  point  has  been  gained  in  the  at- 
tempts to  confine  the  Red  river  to  one  channel,  a  smaller  stream,  and 
therefore  more  in  our  control.  Some  of  the  results  of  this  experience  on 
tliis  river  are  given  in  the  report  of  Mr.  C.  M.  Fauntelroy,*  where  he 
states  the  views  he  obtained  from  Mr.  W.  C.  Melvin,  C.  E.,  Asst.  State 
Engineer.  Mr.  Melvin  says  :  "  As  it  would  hardly  be  possible  to  carry 
on  the  work  of  leveeing  both  sides  (of  the  Red  River)  at  the  same  time, 
it  is  obvious  Avhere  the  work  should  be  first  entered  upon.  Time  and 
assistance  must  be  given  to  the  river  to  scour  its  bed  to  a  greater  depth, 
and  for  its  banks  to  cave.  For  this  purpose,  all  the  gi-owing  timber  of 
every  description  that  is  standing  within  60  feet  of  the  crest  of  the  banks 
should  be  cut  away  ;  roots  and  stumps  loosened  ;  in  short,  everything 
done  to  facilitate  the  caving  and  scouring  process." 

It  is  held  by  some,  this  view  that  more  water  makes  the  stream  rise, 
is  an  hyiDotliesis  ;  disregarding  all  the  experience  of  mankind,  they 
point  to  the  one  fact  that  the  closing  of  Bayou  Plaquemine  has  not  in- 
creased the  flood  height  at  New  Oiieans,  entirely  ignoring  the  well 
known  fact  that  there  has  never  been  a  flood  since  it  was  closed  that  has 
not  caused  large  crevasses  in  the  Mississippi  between  the  Plaquemine  and 
New  Orleans,  which  crevasses  have  prevented  the  effect  of  the  closure  ever 
being  felt  at  New  Orleans  as  an  increased  flood-height,  or  as  an  increase 
of  scouring  power. 

There  is  no  doubt  that  closing  the  Plaquemine  was  a  benefit  to 
planters  along  that  bayou,  and  it  was  proliably  at  the  expense  of  the 
planters  on  the  Mississippi.  A  similar  result  will  probably  attend  the 
closing  of  the  La  Fourche,  if  it  is  ever  permitted. 

'*'  Secretary  to  the  Commission  of  Engineers,  &c. 
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There  is  a  moral  point  of  view  to  this  subject  as  well  as  an  engineer- 
ing one,  and  that  engineering  is  always  to  be  received  with  caution 
which  benefits  its  advocates  at  the  expense  of,  or  injury  to  others  or  the 
public.  Of  such  is  the  engineering  of  the  bridges  needlessly  obstructing 
navigation,  and  the  flimsy  structures  of  many  kinds  by  which  human 
life  is  sacrificed  to  avarice. 

In  closing,  I  would  earnestly  urgi>  those  who  would  wish  to  lie  well 
informed  on  the  subject  of  levees  on  tlie  Mississij^pi  to  study  thoroughly 
the  "Physics  and  Hydi-aulics"  of  that  river  by  Humphreys  and  Abbot. 
The  question  is  one  too  vast  to  be  developed  in  the  limits  of  an  ordinary 
discussion. 

The  report  of  the  Commission  treats  of  several  points  briefly,  be- 
cause they  are  so  fully  elaborated  and  disposed  of  by  Humijhreys  and 
Abbot,  whose  conclusions  have  been  generally  accepted.* 

Mr.  Geoeue  W.  R.  Bayley.I — I  fully  recognize  and  freely  ad- 
mit the  fact  that  "cut-offs"  lower  the  flood-line  of  a  sedimentary 
river,  although  the  temporary  effect  is  to  elevate  it  below.  The 
first  effect  of  the  recent  Vicksburg  cut-off  was  an  increased  rise 
below,  but  it  soon  ceased,  and  a  reduction  will  follow.  The  flood- 
line  at  Vicksburg  and  above  and  below  that  point,  has  been  reduced 
several  feet  by  the  Terrapin  Neck  and  Palmyra  Bend  cut-offs  of 
1866  and  1867,  and  this  reduction  extends  as  far  down  as  Natchez. 
The  lengthening  of  the  river  channel  by  the  caving  in  of  its  banks  in  the 
bends  tends  to  lower  the  high  water  slope,  and  because  the  velocity 
required  for  the  discharge  of  the  flood  waters  or  maximum  quantity  re- 
quires a  greater  slope,  the  surface  rises  until  the  increased  slope  is  obtained. 
As  the  length  of  the  river  increases,  therefore,  the  flood  line  rises.  On  the 
other  hand,  a  cut-off  shortens  the  river's  length,  and  the  slope,  for  the 
time  being,  becomes  too  gi'eat.  It  can  only  be  reduced  to  what  the 
quantity  and  velocity  require  by  excavating  its  bed  and  depressing  its 
surface.  This  always  happens.  As  the  river  lengthens  itself,  the  flood 
rises  ;  when  a  cut-off  shortens  it,  the  flood-line  falls. 

The  quantity  of  water  flowdng,  its  mean  velocity  and  slopes  of 
bed  and  surface  are  reciprocally  dependent  and  proportional.  The 
resulting  effect,  however,  of  excavating  the  river  bed  after  a  cut-off  is  to 


*  The  "  Report  of  the  Commission  of  Eagineera  appointed  to  investigate  and  report  on  a 
permanent  Plan  for  tlie  Reclamation  of  the  alluvial  Basin  of  the  Mississippi  River  subject  to 
Inundation,"  from  which,  frequent  and  full  quotations  have  been  made,  was  officially  pub- 
lished as  part  of  the  Annual  Report  of  the  Chief  of  Engineers  for  1875-6,  pages  536-678  (Appen- 
dix, O).        t  Presented  May  251h,  1876. 
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increase  tlie  rate  of  caving  in  of  tlie  river  banks  and  of  the  higher 
cultivable  lands  near  its  margins  ;  the  lengthening  of  the  river  goes  on, 
then,  with  renewed  energy  until  another  cut-off  occurs,  and  so  the  flood- 
line  rises  and  falls.  If  it  is  financially  practicable  to  protect  the  river 
banks  from  being  undermined  and  from  ea\^ng  in,  great  good  can  be 
realized  by  making  cut-offs  and  shortening  the  river's  length.  In  the 
case  of  the  Khine,  which  is  comparatively  a  shallow  river,  this  has  been 
done.  Can  it  be  as  successfully  applied  to  the  Mississippi  river  ?  When 
the  river,  by  becoming  too  long,  elevates  its  flood-hne  too  much,  a 
cut-off  becomes  necessary  to  reduce  it,  but  none  are  i?racticable  for  200 
miles  above  its  mouth. 

In  the  case  of  Red  river,  next  aljove  and  below  the  city  of  Shreve- 
port,  and  down  to  Loggy  Bayou  (the  outlet  of  Lake  Bisteneau),  I  am 
decidedly  of  opinion  that  the  jalan  of  cut-offs  can  be  applied  to  very 
great  advantage,  and  that  it  should  be  utilized  there.  By  means  of  it, 
the  flood-line  can  be  very  much  lowered,  its  bordering  lands  reclaimed, 
levees  in  great  part  dispensed  with  and  navigation  very  much  improved 
there.  Three  cut-offs  can  be  advantageously  made  above  Shreveport, 
and  eleven  or  more  others  below,  above  Loggy  Bayou.*  I  recommend 
the  application  of  the  plan  of  cut-offs  to  Bed  river,  above  Grand  Ecore, 
most  earnestly,  and  advise  our  Society  to  advocate  it. 

I  have  said  that  the  lengthening  of  a  sedimentary  river,  by  reduMng 
its  slope  or  prolonging  it,  causes  a  rise  of  its  flood-line  in  the  effort  to 
maintain  its  slope  of  surface.  The  advance  of  the  river's  mouth  into 
the  sea  has  the  same  effect,  and  I  wish  to  add  a  few  remarks  on  this 
jjoint. 

In  Louisiana,  there  are  many  old  outlets  of  the  Mississippi,  and 
secondary  outlets  from  these,  which  were  filled  up  and  cut-off  from  the 
river  in  times  long  past.  I  will  name  a  few  of  them  only,  for  they  are 
numerous.  Below  New  Orleans,  left  bank,  the  Bayoii  Terre  Aux  Boeuf 
had  a  course  30  or  more  miles  in  length.  It  is  now  but  a  stagnant  ditch 
or  coule,  bordered  by  old  sugar  plantations  for  many  miles  below  its 
former  head,  12  miles  below  this  city.  Thence  to  the  Gulf  its  alluvial 
banks  become  more  and  more  narrow,  the  swamps  and  marsh  lands 
back  approaching  nearer  and  nearer  to  its  margins,  until  only  sea  marsh 
is  found.  The  Metairie  and  Gentilly  bayous,  back  of  New  Orleans,  have 
their  delta  ridges  formed  in  like  manner.     The  Terre-Bonne  and  Bayou 

*  See  lithograph  map,  herewith  (on  file  at  Rooms  of  the  Society). 
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Black,  right  banks,  were  olil  outlets  of  the  Bnyoii  Lafourclio,  or 
seeoudary  channels,  and  the  Little  and  Big  Caillon's  and  Chacahonla 
mere  outlets  of  the  Terre-Bonne  and  Black.  Each  and  all  have  their 
deltas,  which  are  high,  dry,  cultivated  lands,  now,  and  all  were  formed 
by  overflow  deposits  ;  all  were  old  outlets  or  "passes." 

In  each,  as  its  slope  was  prolonged  and  so  reduced  by  the  advance  of 
its  debouchure,  the  flood  line  was  gradually  raised  and  the  banks 
Avere  elevated  and  extended  laterally.  When  the  pi'olongation  of  the 
main  channel  became  too  great  for  the  quantity  flowing,  and  for  the 
maintenance  of  the  velocity  of  current  necessary  for  its  discharge,  then 
the  mouth  widened,  shoaled  and  divided ;  a  division  of  channels 
occurred,  and  new  and  steeper  slopes  more  nearly  such  as  the  quantity 
in  the  secondary  channels  required.  The  beds  and  banks  of  the  new 
channels  were  elevated  by  deposits,  and  this  process  backed  the  water  up 
in  the  old  main  channel,  and  caused  further  deposits  in  its  channel, 
and  flattened,  by  elevating,  its  high  water  slope.  Lateral  overflows 
and  outlets  then  caused  a  rise  of  its  banks.  These  still  further  reduced 
the 'quantity  flowing  in  the  main  channel,  added  to  the  shoaling  and  the 
rise  of  the  flood  line.  In  this  way  and  by  this  process,  the  elevation  of 
the  bed  and  banks  went  on,  further  and  further  up  stream,  until  it 
reached  the  parent  river  or  the  primary  outlet  and  nothing  more  than  a 
portion  of  the  high  flood  waters  during  inundations  escaped  into  these 
silted-up  outlets.  After  the  settlement  of  Louisiana,  even  this  supply 
was  cut  off  by  means  of  levees  built  across  the  heads  of  the  old  outlets, 
and  they  became  stagnant  pools  or  rainfall  drains. 

The  Bayou  Lafourche  is  now,  and  has  for  many  years,  been  going 
through  this  very  same  process,  but  it  has  been  modified  and  prolonged 
by  the  maintenance  of  levees  above  where  the  lands  are  too  narrow  and 
too  often  overflowed  to  be  worth  reclamation.  Sixty  miles  below  its 
head,  where  levees  2  feet  high  were  sufficient  fifty  years  ago,  levees 
of  12  feet  high  are  insufficient  now  unless  crevasses  occur  through  them 
in  some  places,  annually,  to  relieve,  for  that  year,  the  flood  in  the 
gorged  channel.  But  each  relieving  crevasse  adds  to  the  difficulty  year 
by  year,  and  the  flood  line  rises  in  the  effort  to  obtain  that  slope  which 
the  quantity  admitted  into  the  bayou  at  its  head  requires.  The  head 
level  cannot  be  raised,  for  that  is  the  surface  level  of  the  Mississippi 
river  itself.  There  is  no  remeJy  but  the  closure  of  the  outlet 
next    the     river   by   a   dyke,    and    the    substitution    of    slack    water 
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navigation  by  means  of  a  lock  in  it ;  for  tliis  contest  against  nature's 
laws  cannot  be  prolonged  indefinitely.  The  lengtli  of  the  outlet  is  too 
gi'eat,  and  its  slojie  too  little,  for  the  quantity  of  water  passing  into  it  at 
its  head. 

I  now  come  to  the  case  of  the  Mississippi  river  itself,  at  its 
mouth.  Before  the  era  of  levees  a  large  proportion  of  the  flood 
waters  of  the  great  river  were  lost  through  outlets  and  over  its 
banks  below  its  last  tributary,  Red  river,  and,  probably,  considerably 
less  reached  the  sea  through  its  mouth  than  now.  Even  now  less 
jjasses  New  Orleans,  at  high  flood,  than  Columbus,  Kentucky ;  the 
Atcliafalaya  carries  off  the  difference,  less  the  quantity  lost  by 
evaporation. 

Before  the  settlement  of  Louisiana,  some  centuries  at  least,  the 
prolongation  of  the  river  into  the  Gulf  below  the  jjresent  forts  (21  miles 
above  the  Head  of  the  Passes),  had  reduced  its  sloi^e  to  less  than  what 
the  quantity  flowing  required,  and  the  quantity  passing  to  sea  was 
further  checked  by  tidal  action.  The  river  widened  its  section  from  less 
than  half  a  mile  (opposite  the  present  Forts)  to  three  times  that  width, 
and  correspondingly  reduced  its  depth.  It  then  divided,  right  and  left, 
into  two  main  channels,  with  one  lesser  channel  between.  Here, 
gradually,  the  surface  level  at  flood  time  was  elevated  so  as  to  give 
steeper  slopes  to  the  divided  channels.  Now,  the  flood  line  of  the  river 
at  the  Head  of  the  Passes  is  nearly  3  feet  above  the  mean  level  of  the 
Gulf  of  Mexico.  As  the  distance  to  sea,  southwest  and  eastwards,  is 
nearly  18  miles,  and  by  South  Pass,  in  a  south-southeast  direction, 
12  miles,  the  flood  line  slopes  are  about  2  and  3  inches  per  mile 
respectively,  east,  southwest  and  south -southeast.  Between  the  Head  of 
the  Passes  and  the  Forts,  21  miles,  the  average  slope  of  the  main  river 
is  but  li  inches  per  mile  (the  lower  portion  still  less,  not  more  than  1 
inch),  and  from  the  Forts  to  New  Orleans  about  1 J  inches  per  mile. 

Now,  it  is  certain  that  before  the  division  of  the  waters  of  the 
Mississippi  at  the  present  Head  of  the  Passes,  the  mouth  of  the  river 
was  at  tide  level,  and  the  river  surface  slope  below  New  Orleans  was 
greater  than  it  now  is.  As  it  discharged  less  water  then  than  now 
(because  depleted  by  outlets  above),  its  slope  needed  to  be  greater.  The 
increase  of  quantity  and  of  current  velocity,  since  the  leveeing  up 
ui  the  outlet  channels  below  Red  river  and  down  to  the  Forts  has 
enabled  the  channel  to  discharge  a  greater  quantity  with  a  less  slope  than 
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bofdvo  ;  tliorefoiv,  tlio  olosniv  of  outlets  nndov  tlielovce  syst(Mn  lias  had  a 
very  bciu^iicial  clVc ct  and  cvi'iy  outlet  should  be  kept  closed. 

About  ouc-tliird  of  tht^  river's  volume  is  discharged  tlirouj^'h  the 
Southwest  Pass,  but  its  slope  was  becoming  too  flat,  by  prolongation, 
for  this  quantity  ;  a  tendency  to  widen  and  divide  at  its  mouth  is  mani- 
fest. Its  discharg(>  needs  to  be  increased  to  compensate  for  its  reduced 
slope. 

About  55  per  cent,  of  the  river's  discharge  has  been  passing  out  to 
the  eastward  through  Pass  a  I'Outre,  Southeast,  Northeast  and  Balize 
Bayou  Passes  and  their  sxibdivisions,  the  discharge  through  which  has 
been  checked  and  their  division  hastened  by  the  prevalent  easterly  winds 
and  storms.  The  repeated  division  of  the  waters  flowing  to  the  eastward, 
and  the  consequent  tendency  to  increase  the  slopes  of  the  divided 
channels  by  elevations  of  bed  and  surface,  has  retarded  the  flow  into 
them  and  favored  and  increased  flow  down  Southwest  Pass,  because  of  its 
having  but  a  single  channel,  and  down  the  South  Pass  because  of  its 
steep  slope,  directness  and  short  length.  The  Head  of  Pass  dyke  or 
jetty,  built  out  into  the  edge  of  Pass  a  I'Outre,  up  stream  from  the  east 
side  of  the  head  of  South  Pass,  diminishes  the  flow^  down  Pass  a  I'Outre, 
and  adds  to  it  down  South  and  Southwest  Passes,  probably  more 
down  the  latter  at  present  than  down  South  Pass,  thus  increasing  their 
currents  and  channel-making  power  and  compensating  for  extension. 
By  encroaching,  gradually,  still  further  upon  Pass  a  I'Outre,  and 
diverting  still  more  of  its  water  westward — the  navigable  channels  to  the 
eastward  are  useless  now — ^both  the  Southwest  and  South  Passes  may  be 
imj)roved.  The  effect  of  the  east  dyke  is  to  prolong,  further  up  stream,, 
the  2-inch  per  mile  slope  of  Southwest  Pass,  but  the  3-inch  per  mile  slope 
of  South  Pass  cannot  be  extended,  obviously,  so  far  up.  Hence  the  South 
Pass  slope  should  and  must  be  extended  into  or  to  a  junction  with 
the  Southwest  Pass  slope,  below  its  head,  for  on  that  side  the  fall  is 
greatest,  because  the  distance  (and  from  deejD  w^ater  to  deep  water  as 
well)  is  least.  Flowing  water  will  always  seek  the  shortest  route,  if  it 
can,  where  the  fall  is  greatest.  I,  therefore,  conchide  that,  at  the  head 
of  South  Pass,  the  best  channel  into  it  is  and  will  be  found  on  the  west 
side  of  the  island  in  the  head  of  the  pass,  and  that  the  east  channel 
should  be  entirely  closed  Iw  a  dyke  across  to  the  island.  Better  water 
can  be  maintained  in  one  channel  than  in  two,  and  one  of  them  should 
be   closed  for  that  reason.       Because   the   shortest  distance  from  deep 
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water  to  deeiJ  water,  and  therefore  the  most  rapid  slope  exists  on 
the  west  side,  that  side  is  the  best  for  developing  a  channel  into  the 
South  Pass.  If  Ave  work  in  accordance  with  natural  laws,  we  cannot  go 
astray. 

Again,  South  Pass  loses  23  per  cent,  of  its  water  through  Grand 
Bayou,  about  half  way  down  from  its  head,  hence  the  surface  slope  of 
South  Pass  must  be  more  rapid  below  than  above  Grand  Bayou.  We 
have,  by  perfecting  the  prolongation  of  South  Pass  about  2  miles 
seaward  by  jetties  extended  (it  was  partially  extended  by  side  shoals 
and  reefs  previously),  and  thereby  flattened  its  slope.  To  compensate 
for  this,  we  should  increase  the  quantity  of  water  flowing  to  sea  between 
the  jetties  by  closing  Grand  Bayou,  and  so  provide  for  the  pi'olougation. 
I  also  think  that  the  width  between  the  outer  jetty  ends  should  be  less 
than  above,  in  order  to  concentrate  the  discharge  there  and  excavate 
thereby  a  deeper  channel  in  the  outlet  to  sea.  By  reducing  the  width 
we  will  gain  in  depth,  and  maintain  the  current  velocity  further  out  into 
the  Gulf. 

Because  the  great  outlets,  the  "Jump,"  11  miles  above  the  Head  of 
the  Passes,  and  "  Cubitt's  Gap,"  -L  miles  above,  lessen  the  quautit^^  of 
water  in  the  main  river,  above  the  passes,  and  thereby  reduce  the 
velocity  of  current  and  channel-making  power  fas  is  evidenced  by  the 
shoaling  above  the  Head  of  the  Passes,  from  10  to  12  feet  across  the 
whole  river  since  1838),  these  should  be  closed,  and  for  the  same 
reason,  the  great  Morganza  and  Bonnet  Carre  oiitlets,  between  the 
mouth  of  Red  river  and  New  Orleans,  should  also  be  closed.  Every 
cubic  foot  of  Avater  which  passes  the  mouth  of  Red  river,  or  enters  the 
Mississippi  there,  should  by  all  means  be  confined  to  the  river  channel 
until  it  reaches  the  sea  through  the  river  mouths  proper  ;  none  should 
be  diverted. 

The  greater  the  quantity  flowing,  the  greater  the  A'elocitj,  the  deej^er 
the  section,  the  less  the  frictional  resistance  to  motion,  and  the  less  the 
surface  slope  required  for  the  discharge  of  a  given  quantity  in  the  same 
period  of  time. 
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Of  the  several  jiroblems  that  have  presented  themselves  for  the  solu- 
tion of  the  practical  engineer,  in  the  treatment  of  the  physics  of  the 
Mississii>pi  river,  none  have  been  more  obscure  than  the  effect  of  cut- 
offs. Their  application  to  the  great  desideratum — the  redemption  of  the 
alluvial  lands  from  overflows — has  been,  and  is  yet  advocated,  by  those 
who  believe  the  straightening  of  the  liver  would  prove  beneficial.  For- 
tunately they  are  few  and  newly  acquainted  with  these  grave  questions. 

The  first  cut-off  was  that  known  as  Shreve's,  at  the  mouth  of  Red 
river.  It  seems  to  have  been  made  in  the  interest  of  navigation,  and 
very  little  importance  attached  to  the  work,  in  respect  to  its  influence 
upon  the  regimen  of  the  river.  But  from  that  time  forth— 1832 — there 
has  been  a  discussion  upon  this  method  of  redeeming  the  lands  from 
inundation.  As  one  of  its  advocates,  I  made  a  series  of  measurements  and 
obseiwations  upon  the  results,  to  influence  the  Legislature  to  effect  the 
cut-off  at  Ra^ourci.      The  facts  are  of  record  and  I  re-state  them  here. 

Just  below  Lat.  31°  North,  the  river  made  a  bend,  northward  and 
westward,  at  about  8  miles  it  received  Red  river,  at  the  fenders  of 
the  bend,  and  sweeping  around  southwardly  3i  miles,  sent  off  the  Atch- 
afalaya ;  thence  it  returned  nearly  to  the  place  of  departure,  after  a 
circuit  of  about  18  miles.  The  neck  was  very  narrow,  not  more  than  800 
feet  across.     Capt.  Shreve,  i;nder  authority  of  the  United  States,  by  a 
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little  trencli  guidt'd  the  "water  throngli,  and  iu  a  short  time  the  cut-off 
was  accomplished.  The  river  established  its  new  channel  by  the  shorter 
route. 

As  soon  as  the  river  had  time  to  accommodate  itself  to  the  new  chan- 
nel and  assume  a  new  and  permanent  regimen,  in  1844,  I  measured  the 
water  marks,  and  a.scertained  the  levels  of  a  flood  approaching  that  of 
1828,  which,  it  wUl  be  remembered,  was  higher  than  any  other  recorded 
in  river  annals.  Then  the  next  in  height  was  that  of  1844.  In  the  16 
years  of  interval  the  river  had  time  to  assume  the  supposed  new  regimen. 

shkeve's  or  ked  kivek  cut-off. — At  the  mouth  of  Red  river  the  fall 
was  3  feet,  by  the  marks,  both  of  Avhich  were  very  plain  upon  the  trees. 
At  Vidalia,  65  miles  above,  the  fall  was  8  inches,  on  a  locust  tree  upon  the 
batture.  It  was  3  inches  at  Waterproof,  105  miles  above  the  cut-off. 
There  was  no  mark  above  this  point,  but  I  assume  that  the  two  floods 
reached  the  same  elevation  at  St.  Joseph,  120  miles  above  Red  river. 

Then  below  the  cut-off,  at  Morgan's  Point,  28  miles  below,  the  depres- 
sion was  18  inches,  by  the  testimony  of  Col.  Morgan  himself  ;  and  at 
Bayou  Sara,  40  miles,  by  my  own  observation,  the  mark  of  1844  was  3 
inches  below  that  of  1828.  Beyond  that  point  I  had  not  any  bench- 
mark or  testimony,  but  iiresume  that  it  expired  at  Profit's  Island,  GO 
miles  below  the  cut-off. 

EACouECi  CUT-OFF  was  made  by  the  State  Engineer  in  1848-9.  It 
abridged  the  channel  distance  by  24  miles.  Its  location  was  but  3 
miles  below  Shreve's  cut-off.  A  canal,  some  20  feet  in  width  and  1  mile 
long,  was  made  in  1848  ;  but  the  drift  wood  floated  in  it,  and  the  river 
failed  to  go  through.  In  1849,  the  woods  were  cleared  away  for  100  feet 
on  each  side,  the  canal  was  dug  deeper  to  the  sand,  below  the  blue  clay  ; 
some  gunpowder  was  used  in  blasting,  and  ultimately,  when  the  Avater  ran 
through  the  canal  freely,  a  flat-boat  was  fitted  with  a  \\heel  that  worked 
rapidly.  This  was  very  effective.  The  blasting  had  loosened  the  earth, 
and  it  commenced  caving  very  suddenly.  The  scene  is  described  as  one 
of  terrific  grandeur  as  the  widening  reached  the  lofty  forest.  The  falling 
of  trees  and  the  whirl  and  boil  of  eddies  were  tvnlj  sublime.  In  two 
hours'  time,  it  was  a  river.  The  Natchez,  Ca^jt.  Tom  Leathers,  with  some 
degree  of  recklessness,  put  her  head  into  the  tide,  steamed  through  the 
rushing  current  and  the  terrible  tempest  of  falling  cypresses.  After  this, 
the  cut-off  was  established  and  the  boats  generally  passed  through  the 
shorter  channel,  though  it  was  the  end  of  the  season,  before  the  great 
Mississii:)pi  lay  snugly  in  the  new  bed  thus  prepared  by  the  hand  of  man. 
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The  obsorvivtious  of  the  Delta  Savvey,  made  in  1851,  were  commenced 
but  two  years  after  this  event,  and  before  it  had  effected  mnch  in  its  new 
state.  Its  first  effect  was  to  transform  the  region  about  the  mouth  of  Red 
river  into  a  habitable  country.  Its  effect  in  lowering  the  water  was 
added  to  that  of  Shreve's,  making  the  abridgment  of  distance  about  24 
miles,*  and  added  to  the  shortening  effect  of  the  previous  cut-off',  amount- 
ed to  42  miles.  The  joint  effect  upon  depression  of  water  was  equal  to 
6  +  feet. 

The  eff'ects  were  felt  on  the  force  and  direction  of  the  currents  upon 
the  banks  of  the  river.  The  ravages  commenced  immediately  above  and 
below  the  cut-off,  and  especially  in  the  direction  of  the  points  of  attack, 
where  caving  had  never  been  experienced  before.f  The  whole  commu- 
nity, with  one  voice,  cried  out  against  such  tampering  with  the  river. 
The  policy  opposed  to  cut-offs  was  established,  and  since  they  have  not 
been  seriously  advocated,  except  by  some  newly  arrived  engineer  or 
planter,  whose  experience  was  not  cognizant  of  these  disasters.  The 
policy  is  likely  to  remain,  unless  the  councils  of  men  newly  introduced 
to  the  history  and  habits  of  the  river,  shall  prevail  to  disturb  it. 

TERRAPIN  NECK  AND  PALMYRA.— In  1866,  nearly  17  years  later,  Terra- 
pin Neck,  which  had  threatened  for  many  years,  was,  by  the  aid  of  artifi- 
cial means,  cut-off,  and  abridged  the  river's  distance  by  14  miles.  It 
occurred  at  Lat.  32^  30'  North.  Palmyi-a  cut-off  occurred  in  the  follow- 
ing year,  at  Lat.  32^  10'  North  ;  only  20'  latitude  intervened  between 
them.     Palmyra  abridged  the  channel  by  20  +  miles. 

It  will  be  necessary  to  consider  these  two  cut-offs  together  and  as  one, 
because  their  effects  were  merged  in  each  other  so  that  they  cannot  be 
separated.  They  will,  moreover,  have  to  be  considered  with  reference  to 
a  new  water  mark.  The  flood  of  1828  was  no  longer  legible  upon  the 
trees,  in  1851,  and  no  bench  marks  had  been  established.  The  Delta  Sur- 
vey, under  Gen.  Humphreys,  had  to  establish  an  arbitrary  bench,  which 
was  referred  to  the  mark  of  1828,  where  practicable. 

The  mark  of  1851,  which  was  a  high  water  year,  was  established  by 
this  survey,  for  future  reference.  It  was  preserved  and  revived  by  the 
Commissioners  of  the  Levee  Company  of  Louisiana,  in  1871,  and  in  1872 
by  the  U.  S.  Engineers,  for  systematic  observations. 

*  I  do  uot  lightly  differ  from  Humpbreys  and  Abbott,  but  this  distaucc  was  uniformly 
called  27  miles.  They  call  it  21  miles.  I  have  revised,  and  by  way  of  compromise,  put  the 
abridgment  of  steamboat  distance,  descending,  at  24  miles. 

t  No  analysis  of  the  limits  of  influence  was  ever  made.  It  is  to  be  regretted  ;  for  the  17 
years  gave  it  ample  time  to  distribute  its  effects  over  a  long  distance.  Its  relief  was  felt  at 
Natchez  above  and  at  Baton  Rouge  below,  but  how  much  will  never  be  known. 
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In  1874,  a  great  flood  came,  and  made  fresh  marks  all  over  the  entire  Mis- 
sissippi alluvion,  from  Memphis  down  ;  and  as  these  two  cut-offs  occurred 
midway  between  the  two  periods,  1851  and  1867,  we  shall  assume  them  as 
reliable,  and  compare  the  effects  by  the  two  registers.  The  one  is  care- 
fully recorded  in  "Physics  and  Hydraulics  of  the  Mississippi  River," 
and  the  other,  in  the  report  of  the  U.  S.  Commission  for  reporting  a  plan 
for  the  reclamation  of  the  Delta,  as  also  by  the  State  Engineer.  We  will 
state  the  several  differences  as  shown  in  1874,  from  the  mark  in  1851. 

The  city  of  Vicksbixrg  is  about  midway  between  the  cut-offs.  The 
register  at  that  city  Avill  be  taken  as  the  standard.  The  difference  made 
here  by  the  cut-offs  of  34  miles  is  72  inches  ;  that  is,  the  water  was  de- 
pressed from  51.3  to  45.3  inches.  The  difference  at  Lake  Providence, 
68  miles  above  Vicksburg,  is  63  inches  ;  that  is,  the  water-mark  is 
reduced  from  45.6  feet  on  the  gauge,  to  40.37  feet.  At  Ashton,  88  miles 
above  Vicksburg,  it  is  reduced  to  2  feet  by  the  marks  uj^on  the  trees,  as 
compared  with  a  previous  mark,  whether  of  1851  or  1862  is  not  certain. 

This  is  the  limit  of  observation  from  below,  and  probably  comes  with- 
in the  influence  of  the  American  Bend  cut-off.  It  would  have  exi)irod  by 
proportion,  at  132  miles  distance  above  Vicksburg. 

At  Natchez,  84  miles  below  Palmyra,  the  greater  of  the  two  cut-offs, 
the  depression  was  1.5  feet.  The  slope  from  6  feet  was  gradually  ob- 
served, though  not  measured  above  Natchez.  The  depression  was  from 
51.3  feet  at  Vicksburg  to  49.8  feet  at  Natchez,  or  1.5  feet.  At  Red  iiiver 
the  effect  is  still  greater.  It  was  reduced  from  46.4  to  44  feet,  or  2.4 
feet.  At  Baton  Rouge,  again,  it  is  reversed,  and  instead  of  being  raised, 
it  is  depressed  nearly  2  feet.  We  would  place  the  lower  end  of  the  effect 
at  Bayou  Sara,  191  miles  below  Palmyra.* 

Thus  the  cut-offs  have  depressed  the  level  of  discharge  for  more  than 
130  miles  above  and  191  miles  below  the  point  where  their  influence  com- 
menced. These  cut-offs  effected,  respectively  30  and  42  inches  at  their 
source,  making  a  whole  depression  of  6  feet ;  that  is,  the  abridgment 
of  the  river  by  34  miles,  disturbs  the  regimen  for  a  distance  of  423  miles. 

But  this  is  not  all  that  we  observe.  We  shall  see  the  ravages  uj^on  the 
banks.  At  the  Terrapin  neck,  the  first  effect  was  to  cut  away  the  Hawes 
Harris  plantation,  and  completely  to  occupy  by  the  channel  of  the  river, 
this  fine  estate.     Then  attacking  the  point  below,  it  was  carried  entirely 

*  The  effect  at  Asliton  was  only  inferred  from  the  overflow  being  largely  reduced,  which 
effect  we  put  at  2  feet.  The  crevasse  hero  is  now  3  miles  wide,  and  was  formerly  very  deeji. 
It  is  now  80  mucli  overgrown  with  cottonwood  that  it  vents  comparatively  little  water,  much 
less  than  formerly.    It  has  been  open  since  the  war,  and  is  flUiog  itself  up  rapidly. 
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away  on  the  left  bank.  Tlicn  i-rossing  over  to  tlio  riKht  bank,  in  the 
Millikon's  Bond,  it  cavod  in  the  upptT  portion  of  thut plantation.  It  did 
not  stop  there,  but  continued  to  ravage  the  two  next  estate.s  of  lower  Mil- 
liken  and  Mrs.  Maher,  and  thence  continuing,  it  made  havoc  of  Paw-Paw 
island.  In  fact,  it  has  disturbed  eveiy  portion  of  the  river  down  to  the 
bond  above  Vieksburg.  In  a  very  short  period  the  effect  must  be  to  cut 
off  that  very  narrow  peninsula,  and  leave  Vieksburg  entirely  an  inland 
city.* 

The  Palmyra  cut-off  has  in  like  manner  made  havoc  of  Point  Pleasant 
plantation,  one  of  the  noblest  estates  in  Louisiana.  Thence  it  crossed 
over  to  the  Conger  place,  carrying  away  the  best  fields,  then  reacting 
upon  the  bend  opposite,  the  caving  commenced  upon  Ships  Bayou  and 
the  Alligator  Levee,  that  cost  the  State  so  largely,  and,  far  as  it  w-<is  placed 
back  from  the  front  for  safety,  it  is  now  at  the  very  bank  of  the  river 
and  must  be  renewed.  Then  its  effects  upon  Hard-Times  must  be  to  carry 
the  river  through  that  bend.  The  crevasse  there  this  season  is  the  legiti- 
mate effect  of  this  cut-off,  and  all  the  ruinous  consequences  upon  the 
jilantations  of  Lake  Bruin  and  lower  Lake  St.  Joseph.  It  indirectly 
influences  the  cavings  above  Rodney,  and  the  disasters  of  Waterproof  are 
attributable  to  it  ;  and  the  Kempe  estate,  -whose  levee  cost  the  State 
near  .irJbOO  000,  is  legitimately  attributable  to  the  same  cause. 

In  general,  the  effect  of  every  cut-off'  is  to  change  the  points  of  attack 
of  the  river,  and  with  the  full  force  of  the  fall,  due  to  the  shortening  of 
the  channel,  to  precipitate  it  upon  the  land  and  levees  that  have  been 
reclaimed  for  many  years  before.  The  points  of  highest  improvement  are 
doomed  to  new  servitudes  because  in  the  normal  condition,  these  reaches 
of  the  river  have  been  least  exposed. 

Cvit-offs  as  a  means  of  reclaiming  the  lands  are,  for  all  these  consid- 
erations, so  injurious,  so  disastrous,  that  they  should  be  guarded  against 
and  prevented  by  legislation  and  unceasing  vigilance. 

FLOODS  FROM  CUT-OFFS. — We  sliould  not  dismiss  this  subject  without 
considering  the  effects  beyond  and  below  the  depressing  of  the  floods  in 
the  neighborhood  of  the  cause. 

Below  and  beyond  that  influence  comes  the  raising  of  the  water,  and 
the  elevation  of  the  fiood-line.  Though  its  first  effects  occur  at  the  cut- 
off itself,  there  must  be  some  limit  to  the  depression.  At  that  place, 
wherever  it  be,  commences  the  congestion  which  produces  an  elevation 

*  Since  this  was  written,  the  cut-off  at  Vicksbtirg  has  taken  place — about  April  20,  1876. 
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of  the  flood.  This  distance  caunot  be  predicted,  but  every  cut-off  illus- 
trates it  and  travels  from  it,  towards  the  mouth  of  the  river.  In  this 
instance  it  was  191  miles  from  the  cut-off.  The  fact,  that  at  Baton  Rouge 
the  river  was  higher  than  before,  is  not  isolated.  It  continued  the  con- 
gestion so  far  as  observed.  At  intermediate  places  down  to  Carrolton,  In 
building  and  repairing  levees,  they  had  uniformly  to  be  raised. 

At  Carrolton,  where.it  was  carefully  measured,  the  rise  was  0.7  feet 
where  the  range  was  I.'}. 4  feet.  At  New  Orleans,  it  was  0.7  feet,  and  at  Eng- 
lish Turn,  15  miles  below  New  Orleans,  it  measured  0  inches.  At  Poverty- 
Point,  it  was  raised  about  (>  inches.  Judging  from  the  necessity  of  raising 
the  levee,  and  below  that  point,  though  I  had  much  experience  in  the  re- 
pair and  renewal  of  levees  and  increasing  their  height,  I  could  not  state 
precisely  what  the  elevation  was.  But  down  as  low  as  Tagliaferos,  50 
miles  below  New  Orleans,  I  felt  it  necessary  to  raise  the  levees  by  a  small 
fraction. 

Thus,  for  215  miles,  the  volume  of  water  was  congested  in  the  river 
channel,  as  I  verily  believe,  by  the  effect  of  the  various  cut-offs.  This 
was  doubtless  the  cumulated  influence  of  all  the  cut-offs,  probably  from 
the  Arkansas  down  to  the  Racourci ;  for  if  it  had  been  the  effect  of  the 
Racourci  and  the  Shreve's  cut  offs  it  would  have  shown  itself  earlier. 

It  may  be  stated,  then,  that  the  abridgment  in  channel  of  lOG  miles 
in  the  past  50  years,  by  seven  cut-offs,  has  had  the  effect  to  congest  the 
waters  by  a  small  but  mensurable  fraction  in  the  channel  for  the  last  260 
miles  of  the  leveed  river.  Its  maximum  effect  may  be  stated  at  2  feet, 
and  this  effect  is  at  the  upper  end  of  the  congestion. 

It  is  believed  that  this  will  gradually  disappear,  as  the  result  of  accel- 
erated velocity  and  enlargement  of  channel  capacity  from  the  confine- 
ment of  levees  and  the  lashing  of  steamboat  waves.  In  what  period  this 
will  occur  cannot  be  predicted.* 


*  I  would  take  this  occasion  to  i-etract  all  the  arguments  used  by  me  in  ISIT,  to  induce  the 
Legislature  to  authorize  the  llacourci  cut-off.  This  was  done  in  18.>t),  but  it  had  not  the  pub- 
licity that  I  desired,  being  buried  in  a  public  document.  For  the  past  27  years,  I  have  on  all 
occasions  used  my  voice  and  pen  ag.iinst  the  resort  to  cut-offs  to  prevent  the  overflows  ol  the 
Mississippi  river. 
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I  presented  to  the  Seventh  Annual  Convention  of  the  Society,  a  paper* 
referring  to  the  parallel  characters  of  cast-steel  and  cast-iron,  and  stating 
in  general  terms  that  all,  or  nearly  all,  of  the  differences  we  observe  in 
different  pieces  of  steel  or  cast-iron  of  good  quality,  are  due  to  the 
variations  in  the  proportions  of  carbon  and  iron. 

Owing  to  the  elaborate  and  ijerfect  series  of  mechanical  and  chemical 
tests  entered  upon  by  the  United  States  Board  to  "  Test  Iron,  Steel 
and  other  Metals,"  we  have  virtually  abandoned  that  field. 

There  are  questions,  however,  which  can  only  be  answered  by  the 
steel  maker  and  chemist  together,  and  which  are  quite  out  of  the  reach 
of  this  Board,  except  by  the  aid  of  the  steel  manufacturer. 

The  first  question  that  interests  the  engineer  is — do  the  variations  of 
structure  in  the  ingot  by  which  the  steel  maker  professes  to  keejj  his 
tempers  regular,  depend  upon  the  variations  in  the  proportions  of  carbon 
and  iron  alone? 

Second,  if  such  observed  differences  of  structure  depend  upon  varia- 
tions in  the  proportions  of  carbon  and  iron  alone,  are  the  tlifferences  ob- 
served caused  by  such  minute  changes  in  the  quantity  of  carbon,  that 
the  engineer  would  be  justified  in  depending  upon  them  in  order  to  have 
just  such  quanties  of  carbon  as  he  should  specify  in  each  i^iece,  without 
submitting  the  pieces  to  chemical  analysis  ? 

*  In  discussion  of  Tests  and  Testing  Machines;  Vol.  IV.,  page  272. 
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The  third  question  is — and  one  as  yet  entirely  unsolved — wliat  is  the 
condition  of  the  carbon  in  the  iron,  and  what  changes  take  place  in  the 
operations  of  the  hardening,  temijering,  annealing,  <tc.  ?  We  propose 
hereafter  to  devote  Ourselves  to  this  question,  and  if  we  succeed  in  solv- 
ing it,  we  Avill  rei:)ort  to  the  Society;  aU  of  the  work  done  heretofore  has 
been  merely  preparatory  to  the  investigation  of  this  third  question  ;  in 
this  i^reliminary  work  we  have  answered  the  first  two  questions,  and  it  is 
the  object  of  this  paper  to  report  the  results  obtained. 

In  April,  1874,  eight  ingots  were  selected  from  the  ingot  piles  as 
they  were  marked  for  commercial  use,  by  the  fracture  as  judged  by  the 
eye,  solely  with  reference  to  differences  of  carbon. 

Drillings  were  taken  from  each  and  analyses  made;*  the  results  are 
given  in  Table  I. 

Table  I. 
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8 
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Carbon]   .195 
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111  March,  1875,  about  one  year  after  the  above  selections  were  made, 
another  series,  consisting  of  twelve  ingots,  was  selected  in  the  same  way 
as  the  above  and  analyses  made. I 

In  the  series.  Table  II ;  No.  1  is  one  temper  below  Xo.  1  of  Table  I, 
and  No.  12  corresponds  to  No.  8  of  Table  I.  The  interpolations  are  re- 
presented as  follows  ;  (Nos.  1,  5,  7  and  10  are  interpolations)  ; 


*  By  Prof.  Jno.  W.  Langley,  now  of  Michigan  University. 

•f  These  analyses  were  also  made  by  Prof.  Jno.  'V^^  Langley,  except  the  sulphur  determina- 
tions, which  were  by  Prof.  Albert  K.  Leeds  of  the  Stevens  Institute  of  Technology,  and  are 
inserted  here  to  make  the  table  complete.  We  cannot  say  too  much  of  the  skill  auil  zeal 
exhibited  by  Prof.  Langley  in  these  researches. 
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Numbers  of  Table    I. 
' II. 


Table  II. 
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These  tables  prove: 

First. — That  the  differences  of  structure  in  the  cast  ingot  observed  by- 
steel  makers,  are  due  entirely  to  minute  variations  in  the  quantity  of  car- 
bon in  the  ingots,  and  to  nothing  else. 

Second. — That  these  differences  are  so  minute,  that  actual  uniformity 
for  all  practical  purposes,  either  for  the  shoj^  or  for  construction,  is 
easily  attainable.  Even  the  minute  difference  of  .OOi  between  Nos.  7 
and  8,  Table  II,  is  apparent  in  the  ingots,  but  we  are  satisfied  with  the 
mean  of  the  twenty— .07995  of  one  per  ce?if.—as  being  quite  near  enough 
for  all  practice. 

Third.— That  when  the  engineers  of  the  country  shall  have  received 
from  the  Government  Commission  all  of  the  facts  in  regard  to  the 
strength  of  various  grades  of  steel,  the  manufacturers  wiU  be  ready  to 
meet  them  with  all  of  the  exactness  in  working  that  is  desirable. 

FourtJi.— That  the  foreign  method  of  guessing  at  the  carbon  iu  steel 
by  operating  upon  the  bar  by  bending,  nicking,  &e. ,  is  utterly  unreli- 
able as  comj^ared  to  the  method  here  illustrated. 


320 


Below  are  diagrams,  sliowiiig  the  relations  of  the  different  elements  ia 
these  two  series.*  The  break  in  the  column  of  differences  of  iron  iu 
Table  II  is  clearly  due  to  tlie  abnormal  amount  of  silicon  in  No.  11^ 
from,  doubtless,  some  accidi'nt  iu  taking'  the  drillings. 


SSaiES  OF  EIGHT,    TABLE 
Silli>hur.  too  minute  to  plot. 


l'hoBi5honi«. 


KEEIES    OF    TWELVE,    TABLE    II. 


Sulphur. 


Silicon 


In  onr  pnrsnit  of  the  tliird  question  in  this  paper,  we  have  developed 
some  facts  iu  regard  to  the  resistances  o;  the  various  tempers  of  steel,  but 
they  are  too  crude  to  be  ..scientific,  and  we  have  no  desire  to  trench  upon 
the  work  of  the  Government  C-oiiimission. 


*  Each  small  square  represents  vKrlirally  one-tenth  of  one  per  eent.,  and  eaeh  lur^e 
square  represents  horizontally  one  number  of  the  tables. 

t  The  dotted  line  shows  series  of  tivetoe,  lediued  to  eii/lil,  by  the  same  commercial  num- 
bers as  were  used  in  series  of  eigh\ 
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ON  TllK  FOini.  WEKUIT,  MAMFACTURE  AND  LIFE  OF  RAILS. 

Final  lleport  by  Ashbel  Welch,  C.  E.  (Chairman  of  Committee), 
Member  of  the  Society. 

Peesented  June   15th,  1876. 


The  members  of  the  Committee*  on  Rails  have  not  much  to  add  to 
what  they  have  already  said.  They  refer  the  Society  to  their  first  report, 
and  to  the  Memoir  by  the  Chairman,  accompanying  it,  presented  June 
10th,  1874  ;t  to  "  Notes  on  the  Weight  of  Rails  and  the  Breaking  of  Iron 
Rails,"  by  Octave  Chanute,  one  of  the  committee  ;  X  to  the  second  rej)ort, 
presented  May  5th,  1875,^  and  to  a  valuable  contribution  by  Mr.  Frederick 
•J.  Slade,  published  in  the  Railroad  Gazette,  November  27th,  1875.  For  a 
very  easy  method  of  comparing  the  practical  values  of  rails  or  other  things 
of  difiereut  durability,  they  refer  to  a  paper  by  the  Chairman,  on  the 
"Comparative  Economy  of  Steel  and  Iron  Rails,"  published  in  the 
Journal  of  the  Franklin  Institute,  July  1870  ||  and  its  formulae  made  use 
of  in  the  first  report  of  the  committee. 


*  .\ppointed  January  8tli,  1873,  to  d(;terminethe  "  best  form  of  standard  rail  sections  of 
this  countrj-;  the  proportion  whiuli  the  weisht  of  rail  should  bear  to  the  maximum  loads  car- 
ried on  a  single  pair  of  wheels  of  locomotives  or  cars;  the  best  methods  of  manufacturing  and 
testing  rails;  the  endurance,  or  as  it  is  called,  the  '  life'  of  rails;  the  causes  of  the  breaking  of 
rails  and  the  most  effective  way  of  preventing  it,  and  the  experience  of  railways  in  this  country 
in  the  use  of  steel  rails." 

The  committee  consists  of  Ashbel  Welch,  of  Lambertville,  N.  J.,  M.  A.  Forney  and 
Octive  Chanute,  of  New  York,  and  I.  M.  St.  John,  of  Richmond,  Va. 

^  Vol.  Ill,  page  87.        t  Vol.  Ill,  page  117.        .§  Vol.  IV,  page  136.        il  Pages  22-33. 
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The  Committee  lias  been  disappointed  in  obtaining  answers  to  the  in- 
terrogatories sent  to  the  members  of  the  Society  ;  which  answers  were 
expected  to  furnish  much  vahiable  information.  It  is  believed  however, 
that  the  fullest  information  would  not  change,  or  materially  modify  any 
of  the  conclusions  at  which  the  committee  has  arrived. 

It  was  intended  to  recaiDitnlate  some  of  the  principal  ^joints  contained 
in  the  former  reports,  but  on  making  the  attempt  to  do  so,  it  is  found 
that  no  adequate  synoj)sis  can  be  made,  without  transcribing  nearly  the 
whole.  We  therefore  ask  those  who  think  it  worth  while,  to  read  the 
reports  in  connection  with  this. 

In  these  reports,  little  is  said  about  the  manufacture  of  rails,  our  me- 
chanical associate  not  being  able  to  meet  with  lis.  That  subject  really 
belongs  rather  to  the  mechanical  than  to  the  civil  engineer.  Mr. 
Slade,  in  the  paper  referred  to,  has  given  some  valuable  information  in 
the  matter. 

The  53  pounds  steel  rails,  spoken  of  in  the  former  reports  and  in  the 
Memoir  referred  to,  with  height  and  base  each  4  inches,  head  2 -J  inches 
wide  and  1{-  deep,  edges  of  base  i^u  inch  thick  and  slopes  of  the  top  of 
the  base  and  under  side  of  the  head  of  14°,  laid  down  by  the  Chairman  of 
the  Committee  in  1867  and  1868,  in  the  worst  places  for  destruction  of 
rails  that  could  be  found  on  the  roads  between  Philadelphia  and  New 
York,  and  where  iron  rails  lasted  only  four  months,  liave  ever  since  car- 
ried a  heavy  traffic  at  high  speed,  and  are  still  apparently  as  good  as  ever, 
except  in  loss  of  metal  in  the  head.  On  straight  lines,  after  carrying  a 
gross  weight  of  perhaps  50  000  000  tons,  mostly  at  high  sjjeeds,  the  heads 
have  lost  about  6  pounds  per  yard,  or  are  worn  down  a  quarter  of  an  inch. 
On  some  sharp  curves,  the  sides  of  the  heads  were  so  much  worn  that  the 
rails  have  been  recently  taken  up.  After  the  consumable  part  of  these 
rails  is  worn  oflp,  the  residual  i^art,  slender  as  it  is,  has  never  failed.  When 
these  rails  were  ordered  in  1866,  John  Brown  it  Co.  refused  for  months, 
to  roll  them,  partly  because  they  supposed  such  rails  would  be  worthless, 
and  this  was  the  general  opinion,  until  experience  had  shown  that  such 
was  not  correct. 

These  facts  show  that  the  rather  less  slender  forms  recommended  by 
the  Committee  are  abundantly  strong.  Though  such  forms  were  for- 
merly condemned,  they  seem  now  to  be  generally  approved,  and,  with 
different  but  not  very  material  modifications,  extensively  adopted.  The 
saving  by  adopting  these  forms,  rather  than  the  thick  stems  and  bases. 
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foviiuM-ly  usimI,  Mill  ])r(il)iil)ly  iim.>niit,   for  all  the  roads  laid  with  heavy 
rails  in  this  oountry,  to  thirty  or  forty  millions  of  dollars. 

Doubtless  other  engineers  havi>  heon  led  by  similar  reasons  to  adopt 
forms  simihir  to  those  recommended  by  us.  For  instance,  Mr.  Kobert 
Anderson  has  for  some  years  been  using  on  the  Toledo,  Wabash  &  West- 
ern Railway,  a  52  pounds  steel  rail,  having  considerable  resemblance  to 
the  53  pounds  rail  before  mentioned,  without  being  aware  of  the  existence 
of  the  latter. 

Respectfiilbi  suhmttled for  liiuuelf  and  his  associates. 

AsHBEL  Welch,  Chairman. 

Addenda  to  repobt. — Fish  plates,  and  also  the  ends  of  the  rails 
should  be  carefully  gauged  and  when  necessary,  filed  off,  before  leaving 
the  mill ;  so  that  each  plate  shall  accurately  fit  each  rail  end.  Otherwise 
a  little  roughness  from  the  saw  bur  or  otherwise,  will  often  prevent  a 
perfect  fit  of  the  slopes  of  the  plate  to  the  slopes  of  the  rail  head  and 
base,  which  the  track  layer  cannot  be  relied  upon  to  remedy.  If  it  does 
not  fit  accurately,  the  splice  will  work  and  wear,  and  the  end  of  the  rail 
be  battered. 

It  is  said  that  in  1875,  30  per  cent,  of  all  the  breakages  of  rails  in  the 
United  States  occurred  iu  January  and  50  per  cent,  in  February.  Prob- 
ably many  cracked  or  were  strained  when  the  w^eather  was  coldest,  but 
were  kept  in  place  by  the  frost,  and  then  came  aj^art  when  it  thawed  and 
the  road  bed  yielded. 

The  Chairman,  differing  from  some  of  his  colleagues,  is  of  opinion 
that  the  fish  plate  should  not  be  curved,  so  as  to  be  concave  towards  the 
stem  of  the  rail,  and  that  it  should  not  extend  outside  the  base  of  the 
rail,  so  as  to  have  a  bearing  on  the  tie. 

Probably  higher  and  more  durable  steel  could  be  used  for  rails  in 
countries  w^here  the  frost  does  not  heave  the  road  bed,  than  would  be  safe 
among  us.  In  view  of  this,  the  maximum  percentage  of  carbon  is  put 
down  in  the  Report  of  1875,  at  0.55  per  cent. 
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Discussions  of  Subjects  presented  at  the  Eighth  Annual,  Convention.* 

ON  RAILROAD  ACCOUxNTS  AND  RETURNS.f 

Mr.  Albert  D.  Briggs. — I  cordially  approve  of  the  suggestion  con- 
tained in  the  able  paper  just  presented.  The  subject  is  of  great  import- 
ance to  members  of  this  Society  and  perhaps  of  still  greater,  to  the 
general  business  community. 

The  railroad  companies  have  received  great  and  valuable  franchises 
from  the  Legislatures  of  the  several  States,  and  for  which  they  are  in 
duty  bound  to  pay  a  fair  equivalent,  by  assisting  in  the  transaction  of  the 
business  of  the  country,  by  transporting  persons  and  the  various  pro- 
ducts of  the  earth  at  a  fair  price  for  the  service  performed.  Now,  we 
shall  never  know  what  is  a  fair  price  for  doing  work  of  this  character, 
until  we  know  what  it  costs  to  do  it,  and  we  shall  never  know  what  it  costs 
to  do  it  tiU  the  accounts  of  the  various  companies  are  kej^t  in  a  clear, 
open  manner,  and,  so  far  as  is  possible,  upon  a  uniform  method  or  plan. 
Uniformity  and  ])ubUcity  are  the  \Tital  factors  in  the  solution  of  this 
problem.  To  accomplish  this,  it  is  important  that  the  returns  required 
fi'om  the  various  railroad  companies  in  different  States  of  the  Union 
should  also,  so  far  as  possible,  be  uniform  in  character  and  detail. 

Some  roads  extend  through,  or  into  several  States,  and  should  be 
required  to  make  similar  returns  of  traffic,  earnings  and  exi^euse  to  the 
Legislatures  of  each  State  through  which  they  run,  or  into  which  they 
extend;  but  at  the  present  time,  the  laws  of  no  two  States  are  alike  upon 
this  subject,  and  some  of  them  require  no  returns  whatever  to  be  made. 

The  Railroad  Commissioners  of  Massachusetts  have,  for  several  years 
— notwithstanding  their  efforts  to  make  their  Annual  Report  as  reliable  as 
I)ossible,  by  careful  tabulation  of  the  returns  of  the  various  railroads  of 
that  State— felt  obliged  to  caution  the  public  in  regard  to  the  unreliability 
of  any  general  conclusions  based  upon  the  reports,  in  consequence  of 
the  lack  of  uniformity  in  which  the  accounts  of  the  several  companies 
were  kept,  and  it  was  only  during  the  last  year  that  the  necessity  of  a 
radical  change  in  this  respect  was  made  ajiparent  to  the  members  of  the 
Legislature.  It  was  exceedingly  difficult  to  eradicate  the  old  and  firmly- 
rooted  idea  that  the  accounts  of  railroad  companies  are  matters  of  no 
proper  concern  to  the  public,  and  with  which  the  public  must  not  meddle. 
This  idea  must  be  eliminated  from  the  minds  of  legislators  liefore  any 
radical  reform  in  the  laws  can  be  hoped  for. 

*  Continued  from  page  316.  t  Referring  to— CXXIV  ;  Ou  Railroad  Accounts  and  Returns 
W.  P.  Shinn,  page  215. 
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The  Eailroad  Commissioners  of  Massachusetts  ijreparod  n  bill,  (inotod 
l)elow,"'  whioli  was  onacted  into  a  law  by  the  recent  Legislaturi;  of  that 
State,  and  from  which  good  results  are  confidently  expected. 

The  railroad  managers,  as  well  as  the  general  public,  are  beginning 
to  appreciate  the  advantages  and  the  necessity  of  such  a  law.  If  one 
manager  operates  the  road  under  his  charge  more  economically  and  suc- 
cessfully than  another,  it  is  for  his  interest  that  it  should  be  known — be 
made  public — that  the  public  may  get  the  benefit  of  having  the  best 
mode  of  management  generally  adopted. 

I  hope  the  motion  for  the  appointment  of  a  "  Committee  on  Accounts 
and  Returns,"  as  suggested,  AviU  prevail,  and  that  the  power  of  the 
Committee  may  be  somewhat  enlarged,  so  that  it  be  authorized  to  cor- 
respond officially  with  the  Railway  Commissioners  of  Great  Britain  ui^on 
this  subject. 

While  the  returns  of  the  British  railway  companies  are,  in  many  re- 
sijects,  made  with  great  care,  especially  in  relation  to  passenger  trafiSc, 
they  do  not  give  any  report  whatever,  so  far  as  I  know,  of  the  ' '  ton 
mileage  "  of  freight  traffic.     This  important  omission  deprives  us  of  the 


*  [Chap.  185.1  An  Act  to  secure  greater  Publicity  and  Uniformity  in  the  Accounts  of 
Kailroad  Corporations.     Be  it  enacted,  dc,  as  follows  : 

Sect.  1.  The  Board  of  Eailroad  Commissioners  shall,  before  the  first  day  of  September, 
eighteen  hundred  and  seventy-six,  prescribe  a  system  upon  which  the  books  and  accounts  of 
corporations  operating  railroads,  or  street  railways,  shall  be  kept  in  a  uniform  manner. 

Sect.  2.  It  shall  be  the  duty  of  the  Board  of  Railroad  Commissioners,  from  time  to  time 
in  each  year,  to  examine  the  books  and  accounts  of  all  corporations  operating  railroads,  or 
street  railways,  to  see  that  they  are  kept  on  the  plan  prescribed  under  authority  of  the  pre- 
-ceding  section,  and  statements  of  the  doings  and  financial  condition  of  the  several  corporations 
shall  be  prepared  and  published  at  such  times  as  said  Board  shall  deem  expedient. 

Sect.  3.  The  Board  of  Railroad  Commissioners  is  hereby  atithorized  to  employ,  at  a  com- 
pensatio.1  not  exceeding  twenty-five  hundred  dollars  a  year,  to  be  paid  as  provided  in  sections 
seventeen  and  eighteen  of  chapter  three  hundred  and  seventy-two  of  the  acts  of  the  year 
eighteen  hundred  and  seventy-lour,  a  person  skilled  in  the  methods  of  railroad  accounting, 
whose  duty  it  shall  be,  under  the  direction  of  said  Board,  to  supervise  the  method  by  which  the 
accounts  of  corporations  operating  railroads,  or  street  railways,  are  kept. 

Sect.  i.  On  the  a^jplication  in  writing,  of  a  director  or  of  any  person  or  persons  owning 
one-fiftieth  part  of  the  entire  paid-in  capital  stock  of  any  corporation  operating  a  railroad,  or 
street  railway,  or  the  bonds  or  other  evidences  of  indebtedness  of  such  corijoration  equal  in 
amount  to  oue-tittieth  part  of  its  paid-in  capital  stock,  the  Board  of  Railroad  Commissioners 
shall  make  an  examination  into  the  books  and  financial  condition  of  said. corporation,  and  shall 
cause  the  same  to  be  published  in  one  or  more  daily  papers  in  the  city  of  Boston, 

Sect.  5.  The  Board  of  Railroad  Commissioners  shall  further  have,  at  all  times,  access  to 
the  list  of  stockholders  of  every  corporation  operating  a  railroad,  or  street  railway,  and  may,  in 
their  discretion,  at  any  time,  cause  the  same  to  be  copied,  in  whole  or  in  part,  for  their  own 
information  or  for  the  information  of  persons  owning  stock  in  such  corporation. 

Secc.  6.  A  corporation  refusing  to  submit  its  books  to  the  examination  of  the  Board  of 
Railroad  Commissioners,  or  neglecting  to  keep  its  accounts  in  the  method  prescribed  by  said 
Board  under  authority  of  this  act,  shall  be  liable  to  the  penalties  provided  in  section  one  hun- 
dred and  seventy-four,  of  said  chapter  three  hundred  and  seventy-two,  of  the  Acts  of  the  year 
eighteen  hundred  and  seventy-four,  in  the  case  of  the  neglect  or  refusal  to  make  a  report  or 
return.    Approved  April  26,  la76. 


means  of  making  any  comi^arison  of  the  relative  cost  of  transportation  of 
freight  in  this  and  that  country— a  matter  of  great  interest  and  import- 
ance to  every  student  of  railway  science.  If  the  British  railway  com- 
panies can  be  induced  to  record  and  report  the  "number  of  tons  of 
freight  carried  one  mile,"  as  well  as  the  total  cost  of  freight  traffic,  it  will 
be  a  stride  toward  perfecting  the  returns  of  the  railways  of  that  country. 

Mr.  Albeht  Fink. — I  fully  concur  in  all  that  has  been  said  by  Mr. 
Shinn  on  the  subject  of  railroad  accounts.  .S230  000  000  are  annually 
expended  in  this  country  in  the  operation  and  management  of  a  property 
that  has  cost  some  %-i  000  000  000,  but  th^re  is  no  one  who  can  tell  with 
what  degree  of  economy  this  property  is  being  managed.  From  the 
want  of  a  i^rojier  and  uniform  .system  of  account  keeping,  we  are  without 
the  data  upon  which  the  most  important  questions  oi  railroad  economy 
have  to  be  decided.  We  cannot  tell  what  is  the  minimum  cost  of  trans- 
portation on  any  one  road  under  the  existing  conditions  under  which 
it  has  to  be  oi^erated.  The  ])ublished  reports  of  railroad  companies- 
throw  no  light  upon  this  subject.  A  mere  statement  of  the  gross  earn- 
ings, or  of  the  exjDenses  under  the  usual  general  accounts,  or  a  statement 
of  the  percentage  of  expenses  to  earning,  is  of  no  value  whatsoever  to 
determine  the  economy  with  which  a  road  has  been  operated.  That  per- 
centage may  have  been  low%  yet  we  have  no  evidence  that  it  might, 
not  have  been  much  lower.  On  some  roads,  the  operating  expenses, 
may  exceed  the  earnings  and  yet  that  road  may  have  been  opera- 
ted with  the  greatest  possible  economy.  The  cost  per  train  mile  can- 
not be  made  a  criterion  of  economy.  On  some  roads,  .1^2  jier  train  mile 
may  be  the  lowest  jjossible  cost,  and  on  others  !^1  per  train  mile  may 
be  a  wasteful  expenditure.  The  cost  jaer  ton  mile  gives  no  measure  of 
economy.  On  some  roads  it  may  be  less  than  one  cent,  and  on  others  as 
much  as  10  and  20  cents,  yet  the  roads  on  which  it  is  highest  may  have 
been  more  economically  managed  than  those  on  which  it  is  lowest. 

To  prove  that  a  railroad  has  been  operated  with  the  greatest  possible 
economy — and  every  railroad  miinager  should  be  able  to  make  such  a 
proof,  not  only  for  his  own  instruction  and  satisfaction,  but  also  for  the 
satisfaction  of  tlio  iJropiirtors  of  tlu^  roads — it  is  necessary  to  analyze 
separately  eacli  item  of  expense,  ascertain  that  it  has  been  reduced  to  a 
minimum,  and  tlu^  work  performed  for  the  expense  incurred  made  a 
maximum  under  all  the  existing  conditions  influencing  cost  and  work. 

To  be  able  to  make  such  an  analysis,  it  is  absolutely  necessary  that  the 
accounts  should  show  each  item  of  expense  separately  and  also  the  work 
performed  for  it.     Comparisons  between  the  operation  of  different  roads 
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cannot  bo  iustitutecl  between  the  general  results,  but  must  be  made  be- 
tween the  separate  items  of  expense,  taking  into  consideration  all  the 
conditions  influencing  cost  and  work.  It  becomes,  therefore,  necessary 
if  we  desire  to  draw  any  deductions  from  the  experience  of  a  number  of 
railroads,  regarding  the  conditions  under  which  the  minimum  cost  of 
transportation  can  bo  attained,  tliat  there  should  be  unifornuty  in  keep- 
ing the  accounts. 

I  understand  that  it  is  Mr.  Shinn's  object  in  presenting  this  paper  to 
the  Society,  to  secure  a  more  correct  and  uniform  system  of  railroad  ac- 
counts. In  furtherance  of  this  object,  I  herewith  submit  two  statements, 
marked  A  and  B  (pages  331-336),  on  which  I  have  shown  the  headings  of 
accounts  which  were  adopted  on  the  roads  formerly  under  my  manage- 
ment, and  in  Avhich  some  of  the  suggestions  made  by  Mr.  Shiun  are 
already  embodied. 

In  Statement  A,  65  separate  accounts  are  mentioned,  under  which  the 
total  operating  expenses,  as  well  as  the  operating  expenses  per  mile  of 
road  and  per  train  mile  for  the  separate  items  are  to  be  shown.  In  State- 
ment B,  under  103  accounts,  the  amount  of  work  performed  and  the  cost 
of  units  of  work,  are  to  be  shown. 

The  exi?ense  accounts.  Statement  A,  are  arranged  in  three  classes, 
according  to  the  character  of  the  expenditures. 

1.  Maintenance  of  Road  and  Buildings  and  General  Expenses  includes 
aU  expenditures  Avhich  do  not  vary  with  the  amount  of  transportation 
work  performed,  but  have  to  be  incurred  regardless  of  it.  These  expen- 
ditures are  measured  by  the  unit  of  "  mile  of  road." 

2.  Station  Expenses  includes  all  expenses  incurred  in  handling  and 
warehousing  freight  and  furnishing  proper  accommodation  to  passengers. 
These  expenses  are  independent  of  the  length  of  haul  and  must  be 
measured  by  the  number  of  tons  of  freight  handled  at  stations  or  the 
number  of  passengers  accommodated.    * 

3.  Movement  Expenses  include  all  expenses  incurred  in  moving  freight 
and  passengers  from  one  place  to  another.  They  are  the  transportation 
exjjenses  proper,  and  must  be  measured  by  the  unit  of  weight — or  num- 
ber of  passengers — and  the  length  of  haul,  "the  ton  mile,"  or  passenger 
per  mile.* 

*  In  the  Annual  Reports  of  the  Louisville  &  Nashville  Kailroad  Co.  for  1873-4,  I  have  more 
fully  expressed  my  views  on  the  subject  of  railroad  accounts.  I  could  only  repeat  here  what  I 
have  said  there,  and  must  refer  those  who  desire  to  investigate  the  subject,  to  that  report 
which  fully  illu.strates  my  views. 

An  extract  from  this  report,  referring  to  railroad  accounts,  was  published  in  pamphlet 
form  by  the  Railroad  Gazette  (New  York);  for  a  summary,  see  Proceedings,  Vol.  I.,  page  69. 
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Statement  A. 

OperatiDR  expenses  and  Cost  per  Train-mile  and  Cost  per  Jlile  of  IJoad. 
Under  these  beads  tlie  following  items  are  to  be  arranged  :  — 


Total  opkrating  Expenses. 


Passenger.  ,    Freight. 


Cost  per  Unit  of  Wokk 
Cost  per  Traiu-mile. 


Cost  per  Mile 


Passenger.       Freight.     i  Passenger.       Freight. 


No's.  Maintenance  of  Roadway  and  Buildings. 

1  Road  Repairs  per  Mile,  nf  Road  ani  Train-mile — Adjustment  of  track. 

2  Labor  repairing  ballast. 

3  Material  for  ballast. 

3 1^  Total  adjustment  of  track. 

4  DitohinK,  labor. 

5  Ditching,  train  expenses. 

6  Culverts  and  cattle-guards. 

7  Extraordinary  repairs  (slides,  etc.) 

8  Kepairs  of  hand  and  dump-cars. 
19        Kepairs  of  road-tools. 

10  Koad  watchmen . 

11  Fencing. 

12  General  expenses  of  road  department. 
Total  cost  of  roadway. 

Cross-ties  replaced,  value. 
Cross-ties,  labor  replacing. 
Cross-ties,  train  expenses  hauling. 

Total  cost  of  cross-ties. 
Bridge  superstructure,  repairs. 
Bridge  watchmen. 
Shop-building  repairs. 
Water-station  repairs. 
Seclion-house  repairs. 

Total  cost  of  bridge  and  building  repairs. 
General  superintendence  and  general  expenses  of  operating  department. 
Salaries  of  general  officers,  main  office. 
Taxes. 
Insurance. 

General  expenses,  main  office. 
Rent  account. 
Advertising  and  soliciting  passengers  and  ircigbt. 

Total. 
Total  cost  per  mile  of  road  for  maintenance  of  roadway  and  liuildings. 
Total  cost  per  train-mile  for  maintenance  of  roadway  and  buildings. 

Station  Expenses  per  Train  mile. 
Labor  loading  and  unloading  freight. 

Clerks,  loading  and  ainloadnig  freight,  billins,  claiins,  reports,  and  charges  clerks. 
Agents,  cashiers,  chief  clerks  and  depot  watchmen. 
General  expenses  of  stations,  lights,  fuel,  kc. 
Watchmen  and  switchmen  in  yards. 
Expensi-s  i.f  switi-liiug — Engine  repairs. 

Eii-iiK  I  IS  anil  tiremen's  \vagC8. 

Sniii'i\  isiciii  and  general  expenses  in  engine  houses. 


Oil  iu: 
Watci 
Fuel. 


iply. 


Total. 
Stationery  and  printing. 
Telegraph  expenses. 
Depot  repairs. 

Total. 
Total  station  expenses  per  /rain  mile. 

Movement  Expenses  pru  TaAi> 
Adjustment  of  track. 
Cutting  and  replacini 
Cost  of  rails,  renewal 
Labor  rejilacing  rails. 
Train  expenses,  hauling. 
Joint  lasteuings. 
Switches,  lro.!8,  &c. 

Total  replacing  rails. 
Locomotive  repairs. 
Oil  and  waste  used  by  locomotives 


rails  with  old  rail 
al\io. 
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46  WatchiiiR  and  cleaning  locomotives. 

47  Supervision  and  general  expenses  of  eii«ini'  liinis<  s. 

48  Kugiueers  and  firemen's  wages. 
48>i  Total  engine  expeiisps. 

49  Conductors  and  brakemeu. 
511  Oar  repairs. 

.51  Sleeping-car  rcviairs. 

52  Sleeping-car  expeuses. 

53  Oil  and  waste  used  by  cars. 

54  Labor,  oiling  and  inspecting  cars. 

55  Train  expenses. 

55  >i  Total  car  expeuses . 

56  Fuel  used  by  locomotives. 

57  Water-supply. 

57,'i  Total  fuel  and  water-supply. 

58  Damage  to  freight  and  lost  baggage . 

59  Damage  to  stock. 

60  Wrecking  account. 

61  Damage  to  persons. 

6'2  Gratuity  to  employees. 

63  Fencing  burned. 

64  Law  expenses. 

65  Extraordinary  damage. 
65>.i  Total. 

65 >i  Total  moi-em^nt  expenses. 

65?^  Grand  Total  for  Maintenance  and  Movement  per  Train-mile. 

Note.— In  addition  to  the  above,  there  should  be  reported  :— number  of  tons  of  iron  or 
steel  used  and  cost  per  ton  :  of  tons  of  iron  worn  out  per  mile  of  work  to  gross  tons  of  trains, 
including  locomotive  passing  over  it ;  of  cross-ties  used,  and  cost  per  tie. 


Statement  B. 

Work  Performed  and  Cost  per  Unit. 
1      Length  of  road  in  operation. 

Kumber  of  daily  Trains  : 
1      Average  number  of  daily  trains  over  road,  passenger. 

3  Average  number  of  daily  trains  over  road,  freight. 

4  Total  number  of  daily  trains  over  road,  passenger  and  freight. 
Train  Mileage : 

5  Number  ot  train-miles,  passenger. 

6  Number  of  train-miles,  freight. 

7  Total  number  of  train-miles. 
Mileage  of  Cars  in  Passenger-trains  : 

8  Miles  fun  by  passenger-cars. 

9  Miles  run  by  sleeping-cars . 

10  Miles  run  by  baggage-cars. 

11  Miles  run  by  express  cars. 

12  Miles  run  by  postal -cars. 

13  Total  mileage  of  passenger-trains. 
Xitmber  of  Cars  in  each  Passenger-train  : 

14  Number  of  passenger-cars  in  each  train. 

15  Number  of  sleeping-cars  in  each  train. 

16  Number  of  baggage-cars  in  each  train. 

17  Number  of  express-cars  in  each  train . 

18  Number  of  pcstal-cars  in  each  train. 

19  Total  number  of  passenger,  sleeping,  baggage,  express,  and  postal-cars  in  each  train. 
Dead-weight  in  each  Passenger-train  : 

20  Weight  of  passenger-cars  in  each  train. 

21  Weight  of  sleeping-cars  in  each  train. 

22  Weight  of  baggage-cars  in  each  train. 

23  Weight  of  express-cars  in  each  train. 

24  Weight  of  postal-cars  in  each  train. 

25  Total  weight  of  cars  in  each  passenger-train. 

26  Weight  of  engine  and  tender,  passenger-train. 

27  Total  dead-weight  in  one  passenger-train. 
Paying  ^Yeight  in  each  Passenger-train  : 

28  Average  weight  of  passengers  in  each  train  at  150  lbs.  per  passenger. 

29  Average  weight  of  baggage  in  each  train  at  50  lbs.  per  passenger. 

30  Average  weight  of  express  in  each  train. 

31  Average  weight  of  mail  in  each  train.  ,  . 

32  Total  net  weight  in  each  passenger-train. 

33  Gross  weight  of  passenger-trains,  exclusive  of  engine  and  tender. 

34  Total  gross  weight  of  passenger-trains,  inclusive  of  engine  and  tender. 

35  Percentage  of  paying  to  dead-weight  (passenger),  exclusive  of  engine  and  tender. 
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I^xsaengers  Carried  : 

3G  Number  of  passengers  carried  one  mile,  north. 

37  Number  of  pusscn^'crs  rarried  one  mile,  south. 

38  Total  number  "(  jii-  •  ii-   i  ■  carried  one  mile,  north  and  south. 
3'J  Number  of  pas-            -           >  1  in  oTie  passenger-car. 

40  Number  of  p:isM  i  :  i  .    1  in  one  passenger-train. 

41  Number  tons  (4   i  ;-^-.  i     rarried  one  mile. 

42  Number  tons  of  bagj,'ago  carried  one  mile. 

43  Number  tons  of  express  carried  one  mile. 

44  Number  tons  of  mail  carried  one  mile. 

Mileage  of  Freight-cars,  and  Xumher  of  Cars  in  Trnin  : 

45  Miles  run  by  freight-cars  loaded,  north. 
4i)  Miles  run  by  freight-cars  empty,  north. 

47  Miles  run  by  freight-cars  loaded,  south. 

48  Miles  run  by  freight-cars  emp'.y,  south. 

49  Total  number  nf  miles  run  by  jt'reight-cars,  loaded  and  empty. 

50  Average  number  of  freight-cars  in  each  train,  loaded. 

51  Average  number  of  freight-car.s  in  each  train,  empty. 

52  Total  number  of  freight-cars  in  each  train,  loaded  and  empty. 

Freight  Tonnage : 

53  Number  of  tons  of  freight  carried  one  mile,  north. 

54  Number  of  tons  of  freight  carried  one  mile,  south. 

55  Total  number  of  tons  of  fj-eigbt  carried  one  mile. 

56  Percentage  of  tonnage  in  direction  of  smallest  to  largest  traffic. 

57  Percentage  of  paying  to  dead -weight  freight. 

68  Average  number  of  tons  of  freight  carried  in  one  loaded  car,  north. 

59  Average  number  of  tons  of  freight  carried  in  one  loaded  and  empty  car,  north. 

60  Average  number  of  tons  of  freight  carried  in  one  loaded  car,  south. 

61  Average  number  of  tons  of  freight  carried  in  one  loaded  and  empty  car,  south. 

62  Total  average  number  of  tons  of  freight  carried  in  each  car. 

63  Net  weight  carried  in  one  freight-train,  north. 

04  Net  weight  carried  in  one  freight-train,  south. 

05  Average  net  weight  carried  in  one  freight-train,  north  and  south. 

66  Dead- weight  can  led  iu  one  freight-train,  exclusive  of  engine  and  tender. 

67  Gross  weight  carried  iu  one  freight-train,  exclusive  of  engine  snd  tender. 

68  Weight  of  freight-engine  and  tender. 

69  Gross  weight  carried  in  one  freight-train,  inclusive  of  engine  and  tender. 

Earnings  : 

70  Earnings  of  passenger-trains. 

71  Earnings  of  freight-trains. 

72  Total  earnings  of  trains. 

73  Earnin-f'  fi''iia  miscellaneous  sources,  passenger  and  freight. 

74  (ii-.iss  earniiius. 

75  ( iross  cariiiiiLis  per  mile  of  road,  including  miscellaneous. 

70  Earniugs  per  train-mile,  passenger,  exclusive  of  miscellaneous  earnings, 

77  Earnings  per  train-mile,  freight,  exclusive  of  miscellaneous  earnings. 

78  Earnings  in  excess  of  cperating  expenses,  passenger. 

79  Earnings  in  excess  of  operating  expenses,  freight. 

80  Total  earnings  in  excess  of  operating  expenses,  inclusive  of  miscellaneous. 

81  Net  earnings  per  mile  of  road. 

82  Net  earnings  per  train-mile,  passenger. 
8;i  Net  e.arnings  per  train-mile,  freight. 

84  Earnings  per  passenger  per  mile. 

85  Earnings  i)er  ton  of  freight  per  mile. 

Operating  Expenses  : 

80  Operating  expenses,  passenger. 

87  Operating  exiienses,  freight. 

88  Total  operating  expenses. 

S9  Percentage  of  passenger  expenses  to  iwssengcr  earnings. 

90  Percentage  of  freight  expenses  to  freight  earnings. 

91  Percentage  of  expenses  to  gross  earnings- 

92  Operating  expenses  per  mile  of  road. 

93  Operating  expenses  per  train-mile,  passenger. 
91  Cost  per  car-mile  in  passenger-train. 

95  Cost  per  gross  ton  per  mile   in  passenger-traiu,  exclusive  of  locomotive 

and  tender. 

iiO  I'l  M  1"  I   ii:i~  I  n;;or-mile  witlioiit  baggage. 

97  I    •  I  i>      1  UL'cr-milc,  with  baggage. 

98  r-  '  I     I   .     '  iMii  per  mile  of  baggage,  express  and  mail. 

99  (jj..  raUii-  CAp-'iises  per  train-mile, freight. 

100  Cost  per  car-mile  iu  freight-trains,  loaded. 

101  Cost  per  car-mile  in  freight-trains,  loaded  and  empty. 

102  Cost  per   gross   ton   i3er  mile   in   freight-trains,  exclusive  of  locomotive 

and  tender. 

103  Cost  per  net  ton  per  mile  in  freight-trains. 
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Mii.  Charles  H.  Fisher. — The  suggvstidiis  iniulc  by  Mr.  .Shinn  in  this 
l):il)er  are  avoII  Avorthy  of  the  attention  of  the  Society,  for  the  subject  is 
one  of  great  importance,  not  only  to  the  managers  and  officers  of  raih'oacl 
<'oin]»anies,  but  also  to  the  real  owners  of  such  properties,  the  holders  of 
railroad  stocks  and  bonds.  To  them  especially,  it  is  particularly  desir- 
iible  that  railway  accounts  should  be  kept  in  such  a  manner  as  to  afford 
definite  data  for  determining  the  real  value  of  the  property. 

I  do  not  concur  in  Mr.  Shinn's  recommendation  for  the  appointment 
of  a  committee  to  correspond  with  State  Boards  of  Railroad  Commis- 
sioners, until  the  sul)ject  has  first  been  laid  before  the  railway  managers 
«f  the  country  and  their  assent  has  been  secured. 

These  State  Boards  are  generally  regarded  by  railroad  managers  as 
hostile  to  the  interests  of  railroad  companies,  and  that  this  opinion  is  not 
entirely  unfounded  is  shown  by  the  discussions  in  State  Legislatures  upon 
the  bills  authorizing  the  organization  of  State  Eailway  Commissions,  in 
reference  to  the  purpose  of  such  commissions,  and  also  by  the  frequently 
jirbitrary  and  unwise  action  of  the  commissioners. 

I  believe  that  if  the  Society  should  decide  to  consider  this  subject 
jind  appoint  a  committee  for  that  purj^ose,  the  committee  should  first 
consult  with  railway  officials  and  learn  their  views  of  the  nature  and 
.scope  of  the  proposed  reform.  If  we  act  against  the  wishes  of  railroad 
managers  our  efforts  will  be  in  vain.  The  desired  end  can  be  attained 
-only  with  their  assent  and  co-operation. 

Mr.  Ch/VRLEs  Latimer. — I  think  Mr.  Shinn's  paper  is  most  admirable 
and  that  it  recommends  itself  to  every  one  iutere.sted  in  railroad  matters. 
It  may  be,  that  he  goes  a  step  farther  than  many  practical  engineers,  but 
as  a  Society  for  the  advancement  of  science,  our  word  is  "  forward." 

Mr.  Fisher's  proposal  to  carry  out  Mr.  Shinn's  idea  by  obtaining  the 
desired  information  directly  from  the  roads,  is  an  excellent  one.  Some 
roads  might  object,  but  there  are  many  that  are  able  and  would  be  willing 
to  furnish  all  that  may  be  required.  It  is  very  desirable  that  the  informa- 
tion be  obtained,  by  a  uniform  system,  from  all  roads. 

For  the  past  2 J  years  I  have  been  collecting  figures  in  all  branches  of 
the  engineering  departments  on  my  road,*  and  as  I  have  had  no  ob- 
stacle in  gathering  material  (all  accounts  were  kept  in  my  office,  under 
ray  owTi  supervision),  I  have  a  mature  jilan  for  the  data  Mr.  Shinn  desires. 

I  take  up  the  expenses  at  the  end  of  October,  for  the  first  month  of  the 
fiscal  year.  I  have  the  locomotives  and  cars  weigJied,  I  ascertain  the 
number  of  tons  jiassing  over  each  division,  preserving  the  total  carefully, 

*  Atlautic  &  Great  Western  Railroad;  offices,  Cleveland,  Ohio. 
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in  order  to  arrive  at  an  estiinato  of  the  wear  on  the  rails,  and  I  keep  an 
account  of  pnrehases  in  connection  with  expenses.  There  is  no  cooking- 
of  expenses.  At  the  end  of  eacli  succeeding  month,  I  make  up  a  similar 
table,  so  that  at  the  end  of  the  year  I  have  a  comparative  nionthly  state- 
ment and  a  complete  yearly  statement  of  tonnage,  moneys  disbursed, 
etc.,  etc.*  T  consider  these  very  important  data,  and  I  do  not  think  they 
are  so  accurately  ascertained  any  where  else  in  the  country. 

I  have  made  an  eifort  to  obtain  similar  data  from  engineers  on  other 
roads,  and  have  succeeded  in  some  cases,  but  I  liave  not  undertaken  the 
matter  extensively,  as  it  would  have  demanded  too  much  time.  Never- 
theless, the  information  I  have  obtained  has  proved  valuable  in  certain 
calculations  as  to  the  wear  of  rails,  to  tlie  keeping  accurate  accounts  and 
has  resulted  in  more  economical  working  of  departments. 

The  i^roposition  of  Mr.  8hinn,  taking  in  the  whole  subject,  would  give 
us  great  advantages  in  establishing  points  of  gi'eat  value  to  railway  cor- 
porations and  to  the  public,  f 

Mk.  Mendez  Cohen. — We  have  discussed  no  more  important  subject 
to-day  than  the  one  now  presented. 

The  whole  question  of  the  accounts  of  railroad  companies  is  one  that 
has  been  sadly  neglected.  There  is  frequently  a  disposition  on  the  part 
of  officers  to  cover  up  expenses  in  construction  or  other  capital  accounts, 
or  at  least  to  furnish  no  details  that  are  of  any  practical  service.  Every- 
thing is  made  to  appear  to  be  economical,  until  some  day  the  stockhold- 
ers, if  not  the  managers,  wake  up  to  realize  that  there  are  mistakes,  if 
nothing  Avorse,  somewhere. 

•  The  statements  are  printed  each  mouth  at  a  cust  of  $8. 

t  Mr.  Latimer  wrote,  June  20th. — I  send  some  of  my  comparative  statements.  As  far  as  the  en- 
gineering department  of  a  constructed  and  operated  road  is  concerued,  the  plan  I  have,  which  is 
of  my  own  arraugeraent,  will,  if  adopted  by  others,  give  a  very  good  system  of  comparison,  but 
there  are  some  faults  in  it  attendant  upon  the  condensation  of  the  subject.  I  am,  however,  not 
wedded  to  any  ijarticular  system  to  such  a  degree  as  not  to  be  able  to  agree  upon  uniformity. 

This  statement  I  have  printed  every  month,  beginning  at  the  liscal  year,  which  is  with  us 
October  1st,  and  I  add  in  the  expenses  of  each  succeeding  mouth,  so  that  I  have  at  a  glance, 
at  the  end  of  any  mcmth,  the  total  expenditure  from  commencement  of  the  liscal  year,  and  at  the 
end  of  the  year  I  have  the  total  expenditure  for  the  fiscal  year;  the  repairs  separated  from  the 
additions,  with  credits  for  ali  work  done,  scraps  sold  and  rails  collected  during  that  time. 

I  will  add  that  the  charges  are  honest;  nothing  is  charged  to  construction  which  is  not 
absolutely  a  new  construction  or  addition. 

Uniformity  in  these  accounts  is  a  great  desideratum,  and  wc  will  always  be  lame  until  a 
system  is  adopted  by  which  we  may  obtain  a  comparison  throughout  the  land. 

I  have  aimed  at  this,  and  have  sought  to  interest  other  engineers,  but  the  diflBculty  is 
principally  that  the  road  department  is  in  the  hands  of  men  who  are  not  able  of  themselves  to 
carry  out  a  system,  who  know  nothing  of  accounts,  and  rely  entirely  upon  the  auditor  for  in- 
formation. On  the  road,  it  is  the  engineer  who  furnishes  the  auditor  his  information  upon  the 
matter  of  expenditures  in  the  engineering  department. 

It  will  be  observed  that  I  get  the  tonnage  passing  over  the  road  carefully  every  month,  sa 
that  I  know  to  a  certainty  in  regard  to  the  amount  of  tonnage  necessary  to  destroy  the  rails. 
This  information  is  not  accurately  reached  generally. 


ATLANTIC  &  GREAT  WESTKKN  RAILEOAD. 


CoMPAKAin^  Statement   of   Expenses   xn    Enghsteeeing  Depaetment,    September,    1874-5. 


Sept.,  1874,  Thermometer,  87=— 40°.    Average  07' 


Sept.,  1875,  Thermometer,  89°— SS".    Average  61°, 
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Basis  of  Tonkage. 
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Explanation  of  Letieiis  in  Tonnage 
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The  resolution  suggests  a  committeo  to  report  one  year  hence.  I  do 
not  think  the  time  is  imy  too  long.  There  is  wisdom  in  not  pressing  the 
matter  too  rapidly. 

Mr,  W.  Melnou  Houeuts. — It  is  certainly  important  that  uniformity  in 
the  keeping  of  railroad  accounts  should,  if  possible,  become  the  rule  and 
not  remain  exceptional ;  and  perhaps  the  suggestions  in  Mr.  Shinn's 
paper,  if  adojjted  by  all  the  companies,  may  bring  it  aboiit. 

Under  the  present  irregular  and  sometimes  mystified  methods  of  pub- 
lishing raih-oad  accounts,  or  at  least  the  annual  fiscal  results,  it  is  often- 
times impossible  for  the  stockholder  (who,  it  was  formerly  supposed  had 
an  interest  in  knowing)  to  ascertain  whether  his  invested  means  are  really 
yielding  a  substantial,  or  merely  a  fanciful  profit.  With  clear  and  honest 
accounts,  kept  in  the  main,  as  Mr.  8hinn  has  suggested,  this  indi^ddual, 
whose  rights,  I  think,  are  entitled  to  some  respect,  could  at  all  events 
have  the  satisfaction  of  knowing  whether  his  road  was  actually  making  or 
losing  money,  and  whether  a  dividend,  if  any,  was  fairly  earned,  or  only 
declared  for  a  purpose — the  purpose,  perhaps,  not  being  declared. 

While  leaving  to  others  who  may  be  more  familiar  than  I  am,  W'ith  the 
modern  systems  of  railroad  accounts,  to  refer  to  these  accounts  and  repoi't 
items  more  in  detail,  I  embrace  this  opportunity,  for  and  in  behalf  of 
many  who  are  not  here  and  who  desire  correct  annual  railroad  statements, 
to  thank  Mr.  Shinn  for  introducing  tliis  subject  as  a  theme  for  discussion 
in  our  Society.  It  is  not  the  special  province  of  this  Society  to  set  itself  up 
as  a  ijublic  censor  ;  but  it  should  always  be  a  pleasing  duty  of  a  body  of 
men  who  are  presumably  familiar  with  all  the  manipulations,  scientific 
and  otherwise,  of  this,  the  most  important  arm  of  the  world's  progress, 
to  aid,  in  all  legitimate  ways,  its  economical  management. 

While  self-improvement,  by  mutual  interchange  of  acquired  knowl- 
edge and  expei-ience,  may  be  regarded  as  primary  in  our  Society  organ- 
ization, this  is  by  no  means  incompatible  with  the  general  improvement 
of  the  world,  so  far  as  sound  counsel,  based  upon  intelligent  thought, 
may  lead  in  that  direction. 

At  the  first  view,  I  entertained  a  sUght  feeling  of  doubt  respecting  the 
advisability,  or  rather,  as  to  the  propriety  of  this  Society's  appointing  a 
committee  for  the  purpose  indicated  by  Mr.  Shinn  ;  but,  on  further  re- 
flection, it  appears  to  me  that  the  plan  jjroposed  takes  away  the  objection 
that  was  arising  in  my  mind.  The  committee  suggested  by  Mr.  Shinn  is 
only  authorized  by  the  terms  stated,  "to  correspond  with  the  Commis- 
sioners of  the  several  States,  and  to  arrange  for  a  meeting  with  them  to 
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consider  the  stejis  necessary  to  the  adoption  of  this  desirable  improve- 
ent ;"  namely,  securing  "Uniform  accounts  and  returns  of  Eailroad 
Companies  to  State  Commissioners."     If  this  can  be  arranged  Avithout 
expense  to  the  Society,  I  would  be  in  favor  of  its  adoption. 

Me.  William  P.  Shinn. — I  have  studied  this  matter  carefully.  Mr. 
Pisher's  idea  is,  that  the  result  ought  to  be  reached  by  the  vohmtary 
action  of  the  railroad  companies,  on  the  recommendation  of  the 
Society.  I  think  you  may  as  well  exj^ect  the  i^articles  of  water  at  the 
mouth  of  the  Mississippi,  by  a  little  entreaty  from  the  banks,  to  be  per- 
suaded to  change  their  former  course,  and  accomplisli  the  Avork  sought 
to  be  effected  by  the  construction  of  the  jetties. 

I  have  had  experience  with  and  observations  of  the  accounts  of  some 
twenty-five  or  thirty  railway  companies  in  this  country,  and  it  is  rare  to 
find  one  Avhose  accounts  Avould  give  a  tithe  of  the  information  that  is 
wanted,  to  determine  questions  of  cost.  Now  the  matter  of  State  reports 
is  not  a  new  one ;  they  are  required  by  some  eight  or  ten  States,  of 
which  Massachusetts,  New  York,  New  Jersey,  Pennsylvania,  Ohio,  Indiana, 
Illinois,  and  Iowa  occur  to  me,  all  of  which  require  these  returns  to  be 
made  to  the  Auditor  General,  or  to  some  other  appropriate  officer.  But  the 
nsual  plan  pursued  by  the  Eailroad  Commissioner  (or  whatever  the  officer 
is  called),  is  to  send  out  blanks  containing  lists  of  questions  for  guidance 
of  railroad  companies  in  prej^aring  a  return,  showing  the  business  of  the 
various  corporations,  which,  it  is  generally  supposed,  comprise  all  the 
data  necessary  to  the  determination  of  cost.  I  am  prepared  to  state  that 
they  do  nothing  of  the  kind  ;  that  is,  no  intelligible  comparison  can  be 
made  between  them.  It  remains  like  the  old  question  given  to  school 
children,  of  the  comparison  of  three  horses  with  two  cows.  There  is  no 
mode  presented  for  getting  at  any  particular  i)oint,  l)y  which  aU  will 
start  from  the  same  premises,  or  reach  the  same  residt. 

From  my  observation  and  experience,  I  am  firmly  persuaded  that  it 
will  be  entirely  futile  to  endeavor  to  bring  about  the  desired  uniformity 
through  any  voluntary  assistance  from  the  railroad  companies.  As 
carried  on  now  in  the  States  named,  the  residt,  as  I  have  mentioned,  is 
simply  to  satisfy  the  Auditor  General's  State  Commissioners,  or  other 
officials,  without  furnishing  data  of  the  least  value  for  comi^arison,  and 
our  efforts  would  be  futile  were  we  to  attempt  to  show  them  what  we 
want.  They  can  do  nothing  in  the  matter  but  recommend  to  the  Legis- 
lature a  remodeling  of  the  laws.  In  that  way  the  matter  can  be  brought 
about,  and  I  am  convinced  it  can  be  done  in  no  otlier. 


341 


KKSISTANCES  OF   KAILWAY  TRAINS.  " 

i\rH.  "\Vii, 1,1AM  p.  Siiixx. — The  Committee ''  ou  Resistances  of  llaihvay 
Trains  has  as  yet  had  no  meeting,  and  the  facts,  which  I  am  able  to  pve- 
seut  in  the  form  of  a  communication  to  me,  from  Mr.  P.  H.  Dudley, 
inventor  of  the  dynngraph,  I  will  offer  more  as  member,  than  as  Chair- 
man of  the  Committee.'     It  is  as  follows  : 

In  compliance  with  your  request,  I  have  arranged  some  of  the 
♦lata  we  have  obtained  in  making  experiments  with  the  dynagraph  '^ 
upon  railway  resistances,  which  is  herewith  presented  upon  sheets 
miu-ked  respectively  Nos.  1,  2,  3,  4  and  5,  and  in  the  tal)les  annexed. 
(Pages  348-352).'  The  diagi-ams  were  taken  ujion  the  steel  track  of  the 
Lake  Shore  it  Michigan  Southern  R'y,  at  the  Colliugwood  Yards,  some  8 
miles  east  of  Cleveland,  Ohio.  The  track  is  all  tangent  and  ballasted 
with  gi-avel.     It  was  about  If  miles  long  between  the  switches. 


a  Referring;  to  resolution  adopted  by  vole  of  the  Society,  canvassed  May  3rd,  1876. 
(Proceedings,  Vol.  II.,  page  48,  59.) 

b  Consisting  of  William  P.  Sbinn,  of  Pittsburgh,  Pa.,  Alexander  L.  Holley,  of  Xew  York, 
Robert  H.  Thurston,  of  Hoboken,  N.  J.,  Charles  Paine,  of  Cleveland,  Ohio,  and  Charles  H. 
Fisher,  of  Albany,  N.  Y. 

c  I  present  them  mainly  for  the  same  reason  and  from  the  same  motive  that  the  opening 
chapters  of  a  serial  storj-  are  distributed  gratis  by  our  leading  sensation  story  papers,  to  create 
an  appetite  for  more,  with  those  of  our  profession  interested  in  the  multitude  of  questions 
Involved  in  the  economy  of  transportation  by  railway. 

d  The  dynagraph  (as  described  in  another  place  by  Mr.  Dudley),  is  an  instrument  designed 
to  measure  and  record  upon  paper  the  resistance  due  to  the  movement  of  trains,  also  to  show 
by  the  kind  of  line  made,  the  general  condition  of  the  track  and  motive  power.  It  is  fitted 
into  a  car  which  is  attached  next  to  the  locomotive,  and  is  of  the  following  described  general 
construction.  Underneath  the  car  is  a  steel  cylinder  filled  with  oil,  having  two  pistons,  one  i 
and  the  other  1  "4  inches  in  diameter,  so  arranged  that  either  one  can  be  used  at  pleasure.  The 
draw-bar  of  the  car  is  extended  back  and  draws  directly  on  the  piston,  which  forces  the  oil  in 
the  cylinder  through  a  pipe  to  a  small  cylinder,  in  which  is  fitted  a  piston,  acting  against  springs 
of  known  tension.  The  cross-head  of  the  small  piston  moves  the  lever,  carrying  the  pencil, 
wliich  records  upon  the  moving  paper  the  amount  of  force  exerted.  The  paper  used  is  10% 
inches  wide  and  is  in  lengths  ranging  from  150  to  400  feet. 

The  paper  is  moved  by  direct  motion  from  the  car  axle.  It  is  wound  on  a  drum  upon 
one  side  of  the  Instniment,  and  passes  through  between  two  steel  rollers,  over  a  little  table 
about  one  foot  square,  through  another  set  of  steel  rollers,  and  thence  to  another  drum,  which 
winds  up  the  paper  as  it  pas.ses  through  the  rollers.  Usually  one-fourlh  of  an  inch  of  paper  is 
made  to  represent  100  feet  on  the  track  passed  over.  An  electrical  chronograph  records  the 
time  every  7><,  seconds,  consequently  the  speed  for  any  given  instant  can  be  determined  ;  it  is 
necessary  data  in  making  the  calculations. 

e  Explanations  of  the  Diagrams.— The  force  line  and  chronograph  line  are  full  size  as 
to  length,  but  in  order  to  get  so  many  diagrams  on  one  sheet,  the  vertical  distances  between  the 
zero  line,  force  line  and  chronograph  line  are  reduced. 

Nos.  1,  2  and  3  were  taken  withthe  large  piston  on  heavy  freight  trains. 

No.  1  was  taken  upon  the  Lake  Shore  &  Michigan  Southern  R'y,  and  shows  the  force 
required  to  start  a  train  of  35  loaded  cars,  one  caboose  and  dynagraph  car  ;  total  weight  7U9 
tons  ;  about  3  000  feet  in  length  are  represented.  The  zero  Une  of  force  for  this  diagram  is 
the  broken  line  extended  partly  through  diagram  No.  4. 

The  chronograph  line  for  this  diagram  is  the  upper  one  on  the  sheet,  and  the  one  imme- 
diately under  it,  the  record  of  force  required  to  start  the  train  from  the  Union  Depot  at  Cleve- 
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All  calculations  were  made  from  the  diagrams  as  shown,  between  the 
eighth  and  ninth  mile  post.  The  line  has  two  gradients  upon  it,  for 
which  allowance  has  been  made  in  the  calculations.  "We  tried  to  run  all 
of  the  cars  at  speeds  of  10,  20  and  30  miles  per  hour  respectively.  From, 
the  short  distance  run,  it  was  not  possible  to  acquire  the  proper  speed  in 
each  case.  After  passing  the  eighth  mile  post,  the  engineer  did  not 
touch  the  throttle  valve  or  cut-off,  as  any  changes  in  these  are  at  once 
indicated  and  recorded  upon  the  paper,  and  we  did  not  wish  any  change 
of  force  due  to  inci*ease  of  steam  pressure  to  enter  into  the  calculations- 
of  single  cars. 

The  engines  used  in  all  these  experiments  were  quite  small  ones,  hav- 
ing single  drivers,  with  the  tender  and  frame  rigidly  connected;  they  da 
not  run  steadily,  but  are  in  constant  oscillation. 

The  difficulties  of  the  case  preventing  the  runs  to  be  made  with 
uniform  velocity,  required  the  calculations  to  be  reduced  ;  therefore, 
we  had  a  column  in  the  sheets  of  initial  velocity,  which  is  that  of  pass- 
ing the  eighth  mile  post  and  one  of  final  velocity,  which  is  that  of  pass- 
ing the  ninth  mile  post.  The  time  is  indicated  every  7^  seconds,  so  that 
the  space  between  the  time  indications  shows  whether  the  speed  is  being 


land,  Ohio.  The  enjjine  was  a  Mogul,  having  49  600  pounds  upon  the  drivers,  and  would  puU 
1  000  to  1  500  pounds  more  than  that  shown  upon  the  diagram,  before  slipping  her  drivers,  upon 
a  good  rail.  The  slightly  irregular  line  at  first,  is  due  to  a  slight  movement  of  the  throttle  valve 
by  the  engineer,  while  the  downward  movement  of  the  force  line  in  the  last  1  000  feet  is  due  to 
the  speed  of  the  train  and  setting  back  the  reversing  lever.  The  figures  upon  the  force  line 
show  the  pnunds  of  force  exerted  upon  the  draw-bar  to  draw  the  train,  per  unit  of  time. 

No.  2  represents  i  000  feet  in  length,  run  by  an  ore  train  upon  the  iron  rail  of  the  C'.eve- 
land  &  Pittsburgh  R'y  ;  weight  of  train,  3J  3  tons.  The  zero  line  is  the  same  as  that  of  Xo.  3, 
which  is  also  the  chronograph  line  of  No.  i.  The  speed  of  the  train  is  shown  by  the  upper 
chronograph  line.  The  vibrations  of  the  force  line  were  caused  by  a  rough  iron  track,  the 
joints  being  very  much  depressed.  These  vibrations  are  very  mvich  below  the  average  ;  as 
many  of  them  were  so  great,  the  various  ones  could  not  be  easily  distinguished  much  less  en- 
graved ;  to  check  them,  we  were  obliged  to  use  a  spring  draw-bar. 

No.  3  is  the  same  train  upon  the  Lake  Shore  i  Michigan  Southern  K'y  as  No.  1,  when  run- 
ning aloug  at  its  usual  speed,  which  is  shown  by  the  chronograph  line  drawn  through  Nos.  1 
and  2.  It  will  be  noticed,  the  force  line  is  quite  uniform,  which  we  found  to  be  so  when  the 
track  (steel  rail)  was  in  good  condition,  well  ballasted  and  the  engine  in  order;  but  when  other- 
wise, the  force  line  assumes  the  character  of  that  shown  in  No.  2. 

Diagrams  Nos.  i  and  5  are  of  a  series  of  experiments  with  two  or  three  cars,  and  represent 
starting  them  and  a  run  of  about  l>i  miles.  The  cars  were  two  loaded  Empire  cars,  and  with 
a  dynagraph  car,  weighed  52  055  tons  (2  000  pounds).  The  engine  used  to  draw  them  is  a  small 
one,  having  a  single  pair  of  drivers;  the  tender  was  rigidly  attached  to  the  engine  and  when 
running  was  constantly  oscillating  from  side  to  side,  which  gives  the  force  line  a  vibratory  mo- 
tion. No.  4  was  run  at  20.9  miles  per  hour,  and  No.  5  (same  train)  was  run  at  8.7  miles  per 
hour. 

The  chronograph  line.  No.  4  shows  as  it  appears  when  a  train  is  running  fast,  though  some- 
what exaggerated  in  this. 

After  the  diagrams  are  taken,  they  are  all  calculated  and  the  number  of  foot-pounds  re- 
quired to  move  the  train  for  the  run  or  any  given  distance  obtained. 
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sicoeleratod  or  retanled  aiul  at  what  points.     The  cars  used  were  those 
•which  were  fonud  iu  the  yards  and  such  as  were  in  frequent  service. 

We  cannot  exphiin  many  anomalies  which  occur  in  the  results  with 
single  cars.  In  the  tinal  resistance  given,  that  due  to  the  air  is  included. 
As  yet  we  have  not  succeeded  in  making  observations  upon  the  wind 
which  give  uniform  results,  though  we  have  tried  the  most  delicate 
anemometers  and  vanes.  The  diagrams  in  which  some  of  the  anomalies 
occur,  do  not  indicate  that  anything  was  wrong  with  the  working  of  the 
instrument,  yet  it  is  possible  that  such  was  the  case.  The  ser%-ice  upon 
the  instrument  with  single  cars  was  very  severe,  the  strain  ujion  the  pipes 
And  joints  often  exceeding  in  steady  work,  2  000  pounds  per  square  inch, 
to  which  is  to  be  added  that  due  to  shocks,  whence  it  is  very  difficult  to 
keep  the  instrument  in  proper  order  without  constant  care. 

We  find  in  all  our  experiments,  when  the  weight  of  the  cars  is  partially 
•carried  upon  the  ends  of  the  truck  frames,  that  after  passing  curves 
or  switches,  it  oftentimes  requires  a  long  distance  to  be  run  before  the 
frames  will  straighten  up  and  not  bind  upon  the  flanges  of  the  wheels, 
-causing  increased  friction  which  often  appears  in  our  experiments.  It  is 
-seldom  that  journals  upon  the  same  cars  are  of  the  same  size  ;  the  wear  is 
not  unifoi-m,  the  journals  varying  from  ^^  to  x\  inches  in  the  amount  of 
■wear.  Flanges  of  wheels  are  often  badly  worn  upon  opposite  wheels 
and  the  axles  are  not  parallel.  There  does  not  seem  to  be  any  uniformity 
AS  to  the  amount  of  width  given  to  the  bearings — some  will  have  2  and 
others,  2+  inches.  As  a  rule,  we  have  found  that  a  bearing  of  6  inches  in 
length  has  less  friction  than  one  of  only  5  inches  in  length. 

In  loaded  cars,  especially  after  they  have  stood  some  time,  the  lubri- 
■cant  seems  to  be  forced  from  between  the  journal  and  the  brass,  so  that 
the  cars  need  to  be  run  a  short  time  or  newly  oiled,  before  running  at  the 
usual  friction.  The  rate  of  friction  seems  to  be  higher  per  ton  iu  loaded 
cars  than  in  empty  ones. 

We  have  not  as  yet  tried  to  formulate  any  of  the  information  ob- 
tained, deeming  it  of  importance  to  gain  more  before  attempting  any- 
thing of  the  kind,  and  then  I  think  a  formula  will  be  necessaiy  for  the 
A-arious  kinds  of  con.stnicted  cars  intended  to  do  the  same  work. 

One  thing  was  quite  noticeable  in  the  construction  of  some  of  the 
"brasses  of  the  Lake  Shore  Sc  Michigan  Southern  E'y.  In  order  to  save  a 
little  brass,  there  is  only  about  2  inches  of  bearing  upon  the  top  of  the 
box,  the  ends  are  made  much  thinner,  which,  as  they  become  thin  by 
ivear  spring  away  from  the  journal,  increase  the  pressure  per  square  inch 
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in  the  centre  of  the  brass  and  force  out  the  hiV)ricant,  there!)}-  increasing 
the  friction  and  the  liabiHty  to  heat. 

In  all  of  the  experiments  detailed  upon  the  sheets,  petroleum  was  used 
as  the  lubricant,  except  that  of  the  Baltimore  and  Ohio  car,  to  which 
grease  was  applied.  The  wheels  were  the  ordinary  chilled  cast  iron,  33 
inches  in  diameter,  except  those  of  the  Baltimore  and  Ohio  car,  which 
were  30  inches  in  diameter. 

The  experiments  made  with  heavy  trains  are  fully  as  interesting  as 
those  with  single  cars,  though  the  data  and  calculations  are  not  j^resent- 
ed,  because  so  voluminous.  We  found  that  with  the  long  and  heavy 
trains  of  the  Lake  Shore  &  Michigan  Southern  E'y,  of  650  to  700  tons,  it 
required  less  fuel  with  the  same  engine  (No.  485,  Mogul)  to  run  trains  at 
18  to  20  miles  per  hour  than  it  did  at  10  to  12  miles  jser  hour.  The  en- 
gine, at  the  highest  rate  of  speed,  seems  to  produce  its  power  more  econ- 
omically by  using  the  steam  expansively  to  a  greater  extent  than  at  the 
slower  speeds.  From  calculations  of  a  trip  from  Toledo  to  Cleveland,  of 
29  loaded  and  2  empty  cars,  weight  590  tons,  the  friction  at  20  miles  per 
hour  as  an  average  the  entire  distance,  was  7.45  pounds  per  ton,  includ- 
ing that  due  to  gravity  ;  total  force  expended  in  the  whole  distance  of  109' 
mUes  was  equal  to  2  528  203  700  feet  pounds. 

From  calculations  of  a  trip  from  Cleveland  to  Erie,  95^  mUes,  of  37 
loaded  cars,  Aveight  709  tons,  the  friction  at  20  miles  per  hour  as  an  ave- 
rage the  entire  distance,  was  6.85  pounds  per  ton,  including  that  due  to 
gravity  ;  total  force  exi^ended  was  equal  to  2  498  396  320  feet  pounds,  ex- 
clusive of  that  required  to  move  the  motor  itself.  From  calcidations  of  a 
trip  from  Erie  to  Buffiilo,  88  miles,  of  25  loaded  and  2  empty  cars,  Aveight- 
512.4  tons,  the  friction  at  20  miles  per  hour  as  an  average  the  entire 
distance,  was  7.94  pounds  per  ton  ;  total  force  expended  was  equal  to 
1  843  736  850  feet  pounds. 

Diagram  No.  1,  taken  ujiou  the  Lake  Shore  X'  Michigan  Southern  R'y, 
sliOAVs  the  force  required  to  start  a  train  of  35  loaded  cars,  one  caboose 
and  a  dynagraph  car  ;  total  weight  709  tons  ;  about  3  000  feet  in  length 
are  represented.  The  zero  line  of  force  for  this  diagram  is  some  4  inches 
below  the  one  shown  on  the  plate.  After  the  train  was  in  motion,  it  requir- 
ed a  force  of  only  4  000  to  4  800  pounds  to  move  the  train.  The  line  of  force 
on  the  steel  track  was  very  smooth  and  uniform.  The  chronograph  line 
for  this  diagram  is  the  upjier  one  on  the  sheet,  and  the  line  immediately 
under  it,  the  record  of  force  required  to  start  the  train  from  the  Union 
depot   at   Cleveland,   Ohio.      The  engine  was  a   Moyul,  having  49  600> 
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ponmls  upon  i\\o  driviM-s,  iuid  would  pull  from  1  000  to  1  500  i^ounds 
more  than  that  shown  ninni  tho  diagram,  before  slipping  her  drivers 
upon  a  good  rail.  The  slightly  irregular  line  at  first,  is  due  to  a  slight 
movement  of  the  throttle  valve  by  the  engineer,  while  the  downward 
movement  of  the  force  line  in  the  last  1  000  feet  is  due  to  the  speed  of 
the  train  and  eutting  back  the  reversing  lever.  The  figures  upon  the 
force  line  show  the  pounds  of  force  exerted  upon  the  draw-bar  to  di-aw 
the  train  per  unit. 

To  furnish  the  power  for  the  trip  from  Cleveland  to  Erie,  engine  No. 
485,  M)(jiil,  was  used,  consuming  8  425  pounds  of  coal,  each  pound  yield- 
ing 290  545  feet  ijounds  of  power  to  move  the  train — less  than  3  loev  cent, 
of  the  theoretical  value  of  the  coal.  In  some  pre\'ious  experiments,  this 
engine  only  evaporated  4.06  poimds  of  -water,  j^er  pound  of  coal.  The 
grades  iipou  this  portion  of  the  track  do  not  exceed  17  feet  per  mile,  and 
the  curvature  is  very  moderate.  To  compare  the  amount  of  power  de- 
veloped by  engines  upon  other  railways,  we  took  a  train  from  Cleveland 
to  Wellsvile,  99  miles,  on  the  Cleveland  &  Pittsburgh  E'y,  which  has  40 
feet  grades  and  very  sharp  curves.  The  weight  of  train  was  313  tons 
(ore  train)  ;  total  force  exerted  was  1  754  556  400  feet  pounds,  using  4  400 
pounds  of  coal,  each  pound  of  coal  yielding  398  703  feet  pounds,  utiliz- 
ing in  moving  the  train  4.5  per  cent,  of  the  theoretical  power  of  the  coal. 
The  average  resistance  per  ton  for  the  entire  distance  was  10. 72  pounds, 
which  was  owing  to  its  heavy  grades,  sharp  curves,  and  an  iron  track 
which  is  far  from  being  smooth.  Compare  this  amount  of  work  done, 
with  that  upon  the  Lake  Shore  &  Michigan  Southern  E'y,  from  Cleveland 
to  Erie. 

Diagram  No.  2  represents  4  000  feet  in  length,  run  by  the  ore  train 
mentioned,  ui)on  the  iron  rail  of  the  Cleveland  &  Pittsburgh  E'y  ; 
weight  of  train,  313  tons  ;  amount  of  force  required  to  run  the  train,  6  900 
to  7  140  pounds.  The  zero  line  is  2|-  inches  below  that  here  represented. 
The  vibrations  of  the  force  line  were  caused  by  a  rough  iron  track,  the 
joints  being  veiy  much  dejiressed.  These  vibrations  are  very  much  be- 
low the  average  ;  as  many  of  them  w^ere  so  great,  all  could  not  be  easily 
distinguished,  much  less  engraved;  to  check  them,  it  was  necessary  to  use 
a  spring  di'aw-bar. 

On  the  Cleveland  <fe  Pittsburgh  E'y,  the  resistance  i?er  ton  is  57  per 
cent,  gi-eater  than  upon  the  Lake  Shore  &  Michigan  Southern  E'y,  while 
the  effect  or  work  done  per  jjound  of  coal  is  50  per  cent,  greater  on  the 
former  than  on  the  latter.     The  comparison  shows  that  the  effect  of  the 
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fine  steel  track  of  the  Lake  Shore  &.  Michigan  Southern  R'y  is  in  a  great 
measure  offset  by  the  better  adajjtation  of  motive  power  ni^on  the  Cleve- 
land &  Pittsburgh  R'y  ;  therefore,  so  far  as  the  cost  of  transportation  is 
concerned,  the  cost  upon  each  road  could  be  lessened  by  adopting  the 
better  jirinciples  of  the  other. 

We  calculated  the  amount  of  power  lost  in  stopping  heavy  trains  at 
■water  stations  and  grade  crossings.  For  the  train  of  709  tons,  it  ranged 
from  20  000  000  to  40  000  000  feet  pounds,  depending  upon  the  difficul- 
ties of  the  ijlace  ;  in  one  instance  is  was  35  696  950  feet  pounds.  Now, 
dividing  this  by  296  545,  the  amount  of  power  developed  by  one  pound  of 
coal,  it  gives  the  amount  of  coal  consumed  in.  starting  the  train,  which 
in  this  case  was  120.4  pounds  ;  the  same  amoimt  of  power  would  run  the 
train  2  miles  on  a  level.  We  made  a  calculation  of  the  amount  of  ton- 
nage passed  over  the  Lake  Shore  &  Michigan  Southern  R'y  in  1873, 
and  had  they  been  able  to  reduce  the  friction  of  all  trains  25  per  cent,  it 
would  have  effected  a  sa\ing  of  over  $750  000.  Of  course,  a  large  por- 
tion of  this  would  be  absorbed  in  providing  the  means  for  the  first  year, 
but  still  a  large  saving  can  be  made  by  a  better  adaptation  of  the  best  de- 
tails of  car  construction.  A  saving  of  one  pound  per  ton  of  friction  on 
our  vast  railway  business  would  save  many  millions  of  dollars  to  all  con- 
cerned. To  do  this,  does  not  require  an  entire  revolution  in  our  cars, 
but  slight  changes  in  the  brasses  and  avoidance  of  many  of  the  now 
objectionable  details  of  cars. 

Sirpied,  P.  H.  Dudley. 

Cleveland,  0.,  June  12l?i,  1876. 

It  is  my  conclusion,  at  first  hastily  reached,  but  confirmed  and 
strengthened  by  more  mature  reflection,  that  the  dynagraph  is  destined 
to  correct  many  errors,  to  destroy  many  cherished  and  long-established 
ideas  of  railway  economy,  and  to  establish  upon  a  firmer  basis  other  theo- 
ries which  engineers  felt  confidence  in,  but  which  have  been  rejected  by 
the  practical  railroad  man  as  only  theoretical,  and  therefore,  tin  worthy  of 
his  attention. 

To  one  or  two  only,  of  the  points  developed  by  Mr.  Dudley  will  I 
refer.  One,  that  it  takes  actually  less  power  to  keep  a  freight  train  mov- 
ing at  18  to  20  miles,  than  at  10  to  15  miles  per  hour.  The  dream  of  many 
of  our  most  prominent  railway  managers  has  been  to  have  seiDai-ate  tracks 
for  freight,  so  that  freight  trains  could  be  kept  at  their  most  econom- 
ical speed  of  8  miles  per  houi-.      This  dream  is  thus  shown  to  be — in  one 
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<if  its  foa'.ures  at  loast— oiu"  in  which  th(>  promise,  if  "kept  to  the  ear," 
-v\-ouUl  be  "broken  to  the  hope,"  and  its  realization  not  an  advance  in 
•economy  of  fuel  or  power. 

Again,  we  see  the  necessity  of  gi-cater  economy  in  consumption  and 
utilization  of  fuel,  when,  by  better  use  of  fuel,  a  road  of  40  feet  grades 
is  ecpialized  with  one  of  17  feet  grades.  An  economy  amounting  to  mil- 
lions of  dollars  per  annum  is  not  only  possible  but  necessary  in  conduct- 
ing the  railway  transportation  of  this  country,  and  I  hope  that  the  mem- 
bers of  this  Society  having  relations  with  railways,  will  not  fail  to  bring 
the  matter  to  the  attention  of  their  respective  companies,  with  the  view 
of  seciiring  their  financial  co-operation,  without  ^v'bicli  the  work  of  ex- 
perimenting with  the  dynagraph  cannot  be  successfully  prosecuted.* 

Mr.  Joseph  B.  Da\is.— I  desire  that  Mr.  Dudley  should  have  all 
possible  encouragement.  He  has  been  conducting  these  investigations 
by  himself,  disinterestedly,  and  solely  from  a  native  interest  in  results  to 
be  obtained.  So  far  as  I  can  tell  (and  I  have  had  opportunity  to  observe, 
unknown  to  him),  his  has  been  a  work  of  remarkable  value  ;  though  un- 
dertaken single  handed,  and  with  only  such  aid  as  he  could  command  by 
his  personal  influence,  already  the  experiments  are  of  intrinsic  worth.  In 
my  judgment,  he  should  henceforth  be  effectually  supported  by  all  who 
are  interested  in  the  economy  of  railway  transportation. 

Mk.  William  P.  Shinn.— It  is  the  intention  of  the  Committee  to  bring 
this  matter  before  the  leading  railroad  companies,  and  get  them,  if  possi- 
ble, to  agree  to  contribute  a  certain  amount  per  month,  to  be  disposed  of, 
under  such  regulations  as  they  may  see  fit.  So  long  as  that  is  done,  Mr. 
Dudley  is  willing  to  go  on,  work  out  these  results,  and  apply  his  investi- 
gations to  such  i^oints  as  the  railroad  companies  wash.  There  is  reason 
to  hope  that  the  necessary  funds  will  be  forthcoming,  and  we  may  be 
able  to  present,  from  time  to  time,  the  results  of  these  investigations. 

As  many  present  do  not  know  Mr.  Dudley,  I  wish  to  say  that  he  is  a 
civil  engineer  and  member  of  the  American  Institute  of  Mining  Engi- 
neers, though  not  a  member  of  this  Society,  and  in  his  profession  has 
been  prominent  and  successful. 


*  A  report  of  Committee  of  the  American  Institute  of  Mining  Engineers  on  Railway  Re- 
sistances, presented  June  20th,  187fi,  with  other  matter  on  this  topic  will  be  found  in  "Rail- 
road  Gazette,"  Vol.  VII.  pages  317,  320. 


348 


i>;S  j 

-J 

i 

;Si|S.o 

■^ 

^ 

"^ 

■" 

" 

-^ 

" 

s 

- 

" 

gd 

« 

~^~ 

-K 

.§.2 

CO 

: 

z 

: 

CO 

; 

: 

s 

: 

: 

: 

: 

r 

«■" 

aj 

9J 

^ 

r 

£| 

- 

t- 

; 

"2" 

;  " 

«| 

^ 

c5 

^ 

i 
1 

m 

T 

: 

. 

: 

1 

. 

: 

1 

, 

J 

; 

Hag 



1 

a> 

a 

_ 

S^ 

fa 

n 

2, 

>> 

^ 

^, 

^ 

^ 

CO 

__^ 

^^ 

= 

^^ 

in 

'~ 

~^" 

^^ 

0 

a  o 

'a 

pI 

'~ 

* 

•-; 

'". 

to 

c 

■-; 

'^, 

'-'5, 

m 

"•? 

i- 

C-. 

0-- 

V  u 

§i 

t^a-s 

"* 

^ 

^ 

= 

CO 

t- 

" 

"^ 

^ 

-*' 

oi 

^ 

co 

Oi 

2 

a  t 

li 

?» 

"~ 

-* 

-* 

t- 

00 

~^ 

^ 

CO 

ffl. 

0 

^>n^ 

■* 

t- 

t- 

'Sl 

t-o 

00 

m 

CJ 

^ 

C5 

0 

c« 

M  o 

ss 

t> 

a 

lO 

o 

o 

d 

« 

^ 

CO 

o» 

t_; 

^ 

^ 

ci 

d 

•3 

„.,*5____ 

■" 

D      . 

verag 
=peed 
miles 
per 
hour 

t- 

't 

2 

2 

2 

s 

2 

§ 

?5 

d 

i 

oi 

2 

§ 

0 

<1    

-d 

:L     . 

~^ 

« 

_ 

00 

^ 

o 

^"^ 

_ 

« 

CO 

~U5 

.<u  =< 

■^ 

0 

00 

00 

0 

CO 

g 

«  g 

C<3 

c>i 

o 

■« 

o 

c. 

d 

■« 

c-j 

0 

CO 

en 

CO 

ci 

d 

S 

5  S 

'^ 

p< 

•3 

o 

^ 

m 

o 

g 

t- 

t- 

s 

t_ 

« 

s 

g 

c 

s? 

£ 

a 

s 

OS 

o 

s 

-' 

s 

c 

2 

s 

t- 

3 

s 

^ 

" 

g 

^ 

in 

o 

m 

~~" 

^ 

<M 

■3 

"5 

in 

o 

tr- 

CO 

tc 

m 

o 

CO 

•fl 

0 

66 

t- 

c= 

0 

-)< 

o 

tr- 

00 

X 

d 

00' 

a 

JO 

c: 

!N 

CO 

> 

10  . 

i 

io 

in 

01 

I- 

3   d,^      . 



-\ 

: 

■ 

g 

§ 

: 

- 

^ 

'' 

^ 

i 

•qiSaa-I 

<o 

; 

: 

o 

w 

- 

in 

: 

: 

: 

: 

. 

i 

_ .- 

|-^ 

-  !■' 

9}3raBTa 

CO 

: 

: 

^* 

= 

= 

^ 

= 

^ 

^ 

: 

■ 

r 

: 

i 

.: 

Q 

5 

■s 

: 

: 

4) 

- 

. 

t/i 

fa 

fa 

cc 

•5 

?; 

a 

: 

: 

: 

^ 

Q 

■« 

K 

M 

H 

M 

■ 

- 

; 

: 

•: 

: 

: 

l-j 

Z 

J 

j- 

^ 

CC 

a 

2 

- 

CO 

^ 

n 

g 

: 

: 

: 

: 

3 

:n 

t- 

Y. 

^ 

■^ 

d 

;' 

l: 

O 

J 

d 

.' 

-' 

u 

1 

o 

6 

n 

n 

H 

£ 

319 


§1 


o        o      o      o 


53 


(N 

CO 

o 

^ 

o 

t_ 

CO 

C«l 

5> 

s 

s 

o 

s 

CJ 

p» 

s 

Sm 

SJ 

^ 

§ 

o 

^ 

?3 

§ 

O 

o 

2 

« 

-* 

o 

CO 

s 

S 

o 

g 

§ 

§ 

s 

o 

E: 

•« 

eo 

5 

s 

s 

.* 

?3 

^ 

to  iH       O       CS  o 


O  CO  ^ 


(M  CM  O 

5;    s    g 


^    s"    s 


o   :   :  1  1 

:     :     :    :)5!i5;     : 

.     .     .    OIO 

•     : 

:     :     :   tz-i    ': 

B.  &  0 

M.  D.  T.  Co... 

13  226 

25  684 
581 

Q  =   -    :   : 

23 


Pi  - 


da" 


350 


= 

t^ 

I.S     i 

^ 

en 

c, 

>-^s^S 

1 

gfl 

w 

. 

bj 

^ 

.b.2 

w      z 

; 

: 

: 

; 

; 

1« 

to      - 

: 

• 

P- 

m 

^ 

CO 

CO 

ti 

ts 

la 

!-; 

g 

n  a 
ag£ 

S     ' 

" 

" 

•■ 

y 

s    ^ 

s 

" 

" 

• 

1 

m 

fe 

. 

1  ■ 

1 

1 

.S§8  1 

..nl- 

^ 

J, 

«t^!^ 

p^l 

o 

n 

to 

•rt 

n 

CO       to 

ci      -* 

o 

i;i? 

11 

^ 

s 

1  "'i 

o 

ci       ^ 

lO 

c 

S 

^      ^ 

g 

i 

Average 

speed, 

miles 

per 

hour. 

rn 

i   s 

o 

S 

? 

CO 

o 

to 

c» 

i 

to      eo 

5      S 

^ 

i 

rj 

ii 

o      in 

§ 

a 

c 

-* 

g 

g 

5    3 

S      c 

o 

§ 

r-i         O 

(-; 

^ 

-q 

^ 

o 

r4         ci 

OS       -H 

1^ 

f 

p  ® 

"" 

■^ 

I 

'"' 

1      g, 

. 

to 

o 

g 

C)       u- 

iri 

d      d 

-«      ia 

00 

\     1 

i-H 

"* 

'^ 

^ 

CI 

^ 

to 

'-I 

00       o 

a 

00 

la 

o      c 

1     .2 

"a 

?^  s? 

to 

IT 

% 

to 

in 

s 

2      c5 

f. 

^  s 

s? 

ss 

> 

H 

\      .^%\^   ^       ^ 

o 

§ 

Load 

cliidi 

dyna 

grap 

car 

Ton 

CI 

- 

- 

. 

• 

^ 

. 

- 

- 

■2     m 

•n;3uaT 

;   i 

2  1 

=1     fl 

•     i 

: 

•:    : 

:     : 

O      l-l 

•.la^amBia 

: 

; 

:     .■ 

.• 

,          ° 

.o      - 

' 

= 

1    '* 

: 

: 

!           1 

•     s 

: 

: 

: 

; 

a   - 

" 

" 

" 

Jd 

1     3 

= 

: 

: 

: 

^ 

CO        = 

- 

= 

1 

a 

— — , 

— — N 

— , 

-^_N_-, 

ii. 

11 

. 

, 

ii 

, 

. 

2si: 

. 

. 

. 

CO  t- 

CO  Id 

■o  to 

^  S5  CO 

■ — 

;    — 

.    -— 

^^w    ; 

3 

:      P 

1 

e 

J 

p 

J 

351 


I  I      ;      s         o         J      :  • 

:         :      :      :         I        .      .         I 


s 

« 

3 

3 

S5 

§ 

s? 

lO 

§ 

S 

"* 

l- 

-n 

S 

•J3 

S 

t- 

« 

2 

S 

^ 

-5 

'^ 

coo 


S    S    ?3    S    S    S    := 

-■      =      o      o      d 

m      «      «      iJ      M 


o      o      o 


o 

« 

o 

s 

CO 

o 

lO 

CT 

o 

eo 

I.O 

2 

s; 

§ 

2 

S 

s 

- 

?3 

s 

CO  t-COO  ir>  COiOCOt- 


5 

(u 

o 

eo 

« 

o 

:^ 

"- 

s 

2 

CI 

o 

o 

.)■ 

^ 

". 

""I 

^'■i 

I  I 


^.  '  5 


g       S5q!       »       o2^ 

n 

o      1 

^       SSS       2       S58SSS 

i    .  .    ;    i     :  .    i   .  . 

S                   ;       "        :           5 

^         •      :      X 

"    '    "     s      :    :    ^ 

."   : 

.        ■     ■     ■       03        '     '       '       '     : 

:          -       -       -           ^          -       -         -         -         ; 

H         :       :       :          aJ         :       :         :         :      h 
1^                              J                                    sH 

iis     .      .      :     lis     =      ^     11    S    i 

cct-d                                  loot-                        >oo      t-      OJ 

:     :     :                :     ;       — 

: 

1    ='  =  =    1    =  =   1 

1 

00 

to 

o 

CO 

o 

o 

to 

n 

o 

00 

■^ 

<.t 

'•'■' 

to 

00 

lO 

"* 

o 

^ 

lO 

05 

o 

CO 

CI 

CO 

00 

oo 

^ 

t^ 

t-; 

'^ 

-* 

CO 

^ 

"^ 

,^ 

t-' 

lO 

.X 

^ 

« 

UJ 

"■ 

in 

in 

u 

^^ 

u 

o 

o 

r^ 

t» 

CI 

C5 

CO 

CO 

; 

; 

^ 

?i 

^ 

. 

352 


A 

if 

=■ 

o 

o 

o 

s 

s 

S 

% 

§ 

g 

s 

s 

g 

§ 

§ 

§ 

o> 

c» 

i 

>■  o  H  - 

^ 

£g 
5- 

1 

: 

: 

= 

• 

= 

: 

= 

= 

= 

= 

..J 

= 

_. 

^ 

^ 

^ 

o 

o 

o 

o 

„ 

o 

o 

o 

o 

o 

o 

o 

^ 

.* 

§ 

MS 

" 

" 

§ii 

^ 

^ 

^ 

g. 

Sj 

Sj 

Sj 

5> 

lO 

& 

lO 

s. 

u> 

Ss 

2, 

s 

s 

H  P.*> 

si 

Weath 

o 

3 

= 

^ 

1 

= 

^ 

: 

' 

- 

- 

= 

: 

: 

= 

= 

1 

^ 

agil 

a| 

m 

^ 

m 

^ 

§ 

to 

•-  5  "  J 

tance 
sper 
ation 
3d  foi 

U-oi 

'-' 

lO 

-* 

m 

■^ 

o 

S 

oo 

to 

0> 

o> 

Oi 

to 

s 

00 

s 

"^ 

" 

" 

1|P 

r 

.» 

lO 

o 

m 

ir> 

00 

^ 

CO 

to 

„ 

in 

to 

C5 

-H 

en 

g 

« 

I 

d 

d 

lO 

d 

d 

"•"i 

d 

d 

d 

-' 

'-' 

'-' 

■^ 

- 

-. 

o 

- 

- 

- 

^ 

CO 

to 

o 

- 

o 

t- 

o 

d 

<! 

•6 

d 

^, 

-*. 

g? 

^ 

ir. 

^ 

i 
1 

%l 

d 

«s 

d 

d 

ei 

d 

-• 

d 

.* 

d 

CJ 

d 

d 

- 

d 

m 

.n 

^^ 

rn 

^ 

^ 

^ 

fl 

._; 

d 

t^ 

d 

00 

s 

.« 

I 

u< 

UJ 

"' 

■^ 

"^ 

"^ 

LM 

"^ 

UJ 

s 

CO 

s 

m 

to 

Ol 

lO 

o 

to 

t- 

00 

00 

t- 

a 

> 

ifli^ 

i 

i 

s 

S 

to 

§5 

S 

o 

§5 

s 

s 

c3 

i 

s 

s 

§ 

?5 

3 

■    3« 

. 

iif 

>t 

V^i 

v.. 

v« 

^ 

v., 

v^ 

:i? 

vt. 

v« 

-^ 

St. 

vt. 

vr. 

lO 

lO 

UJ 

lO 

a> 

S        3 

«» 

^f 

VJ 

I," 

■nte 

.?       •-* 

■ja|9raT5!a 

CO 

« 

« 

CT 

■^• 

^' 

<M 

« 

CO 

co" 

CO 

CO 

CO 

CO 

CO 

oT 

o5' 

«■ 

?^ 

,' 

.' 

s 

,■ 

.' 

,' 

.' 

." 

,' 

." 

.' 

.' 

.' 

,' 

d 

: 

Q 

' 

= 

= 

: 

: 

' 

s 

= 

' 

s 

: 

: 

: 

5 

M 

w 

; 

: 

w 

d 

^ 

: 

; 

s 

= 

05 

: 

: 

; 

H 

P 

o 

M 

'^, 

J 

a 

• 

t. 

.s 

^ 

_, 

._, 

ira 

l'^ 

^ 

CO 

CO 

CO 

J/, 

Cl 

c% 

s 

U 

lO 

lO 

\a 

o 

CT 

CJ 

<M 

00 

00 

00 

i 

: 

: 

o 

S 

w 

' 

' 

" 

' 

" 

" 

" 

353 


asCiOiCiOiCiOO 


§««COCOeOCOCOCOCO«COCQCO 


o      o      o      o      o      o      o 


^ 

§ 

s 

^ 

-. 

§ 

^ 

^ 

00 

tJ 

t« 

lO 

U5 

•^ 

CO 

iO 

CO 

eo 

cq 

tK 

u> 

o 

o 

x> 

« 

o 

c» 

t- 

o 

00 

00 

^ 

o 

^ 

t- 

o 

o 

t- 

e-i 

t- 

00 

00 

Ci 

o 

J^ 

o 

1-5 

5^ 

U5 

■* 

>n 

^ 

CO 

cj 

5^ 

oo 

Cl 

CO 

■^ 

ci 

'-' 

'-' 

22 

o 

o 

X 

O 

^ 

o 

^ 

^ 

o 

s 

§ 

^ 

t- 

o 

« 

CO 

u- 

C-1 

a> 

s 

^ 

o 

=c 

o 

tr- 

<.-< 

-' 

" 

'"' 

■^ 

CM 

■^ 

(.-. 

-' 

'^ 

■^ 

"^ 

^ 

•^ 

'" 

'"' 

00 

o 

CO 

(M 

t- 

t- 

^ 

io 

•- 

« 

O 

lO 

00 

Cl 

—1 

« 

° 

11 

° 

«5 

CO 

« 

« 

U5 

c^ 

o 

o 

c» 

<N 

^ 

■* 

<N 

o 

^ 

tr- 

o 

00 

§ 

rr 

-« 

« 

o 

^ 

^ 

CO 

tJ 

ira 

rt 

■« 

■« 

§5 

« 

CJ 

^ 

UJ 

"^ 

UJ 

"^ 

"^ 

"■'' 

"^ 

"^ 

§ 

t- 

o 

t- 

g 

CI 

^ 

_ 

CO 

_^ 

oc 

CO 

^ 

^ 

o 

CO 

■-I 

t- 

o 

o 

o 

o 

I-l 

CO 

e» 

to 

lO 

t- 

t- 

CO 

o 

00 

o 

s 

CO 

CT> 

l-< 

"^ 

•"■ 

(.-4 

'" 

«.-< 

'•'* 

"^ 

"^ 

^ 

X 

s? 

s 

?i 

?5 

?, 

f, 

g 

i 

g 

s 

s 

CO 

" 

" 

s 

g 

§ 

§ 

s 

g 

g 

§ 

.. 

^« 

x« 

N« 

vc 

vc. 

vc 

.c, 

sc 

.c 

-.« 

ii? 

■o 

'~ 

■^ 

t- 

UJ 

UJ 

UJ 

«;3 

„2 

"E 

„•= 

< 

< 

S.0 

v» 

x= 

:j? 

s=, 

vo 

v» 

v» 

.. 

-^.=0 

^  = 

V, 

.= 

v» 

v» 

-? 

eo 

t<J 

« 

eo 

CO 

= 

= 

= 

' 

:' 

'- 

.' 

LO 

^ 

'■ 

a     : 


-      o 


:      =5 


(M        Cl        Cl        <M        <N        <M        O        O        O        O         O         O        O        O 

cc      00      io      U5      »o      »o      r-      t-      t-      t-      t-      t'      t^      I— 

oocooooooooooo| 

OOOOdC^CTC^b-t-t-t-t-t-t*!:-         [ 


354 


1 

6  > 

iy 

rt     -      :      : 

2   -- 

•       S       .-      :       S 

5- 

Baro- 
mtter. 

^ g    '    "    g            s 

Tem- 

ather.    pera- 

ture. 

o 

1       .=        ?;:».        S. 

l^ 

3^3 

^ 

5 

if 

.2-2 

^§1 

^  E  ^  i  ^  s  s  os  ^  -^2  s 

Eesista 

pounds 

Ob.serva1 

rect 

II 

Average 

speed. 

miles 

per 

hour. 

ICCIOlOCOtO            CO            000            t-            OlO)            00 

<^2S2;:2     s     T,    ?>     "^     SS     ^ 

1 
1 

1 

> 

^  ^  f.^  ^  ^    «    ojE;    ..    ?s    ^ 

1 

1 

SSSoSS      5      <oS      «      2S     S 

SS^^SeS      S      S5S      Sl^??      S5 

Load  in- 
cluding 
dyna- 
graph 
car. 

Tons. 

0      .       .       ,       , 

s  "   '    *   " 

C)                •            ■            00 

:       :      :    toso 

i 

a     1 

i     :     :     i 

1^ 

J     1 

H     1  •  japuiBia 

:      :     :    c^eo 

6 

^      ■      '■      : 

xi     :      :        : 
(S                 : 

1    = 

i  M  2 

i 

<j     ■     ■     : 

03 

if  ^ 

i    h  3   : 

3       :    -^     «? 

M                 CO        ^J 

if  ;  i  1  ' 

Number 

!  '   '    : 

a 

1  '   '    ■ 

Q        .' 

a           « 

AMERICAN   SOCIETY   OF   CIVIL  ENGINEERS, 

1  SCO  RIM)  K  AT  i;  I)     1852. 

TRAIsrS^CTIO^^S. 

Note. — This  Society  is  not  responsible,  as  a  boJy,  for   the  facts  aiul  opinions  advanced  in  any 
of  its  publications. 

DiSCT'SStOXS  OF  Sl'lUECTS  PRKSEXTED  AT  THE  ElGHTH  AnNUAI,  CoiSr\'ENTION.* 


()x\  THK  METRIC  SYSTEM  OF  WEIGHTS  AND  MEASUEES.f 

Mk.  Clemens  Hersohel.  —  The  question  now  before  the  Society, 
naturally  resolves  itself  into  two  parts  :  is  it  the  sense  of  the  Society  that 
the  metric  system  of  Aveights  and  measures  shall  be  introduced  in  the 
United  States,  ever,  or  at  any  time  ;  and,  in  case  the  desirability  of  such 
a  change  is  affirmed,  then,  what  steps  shall  be  taken  by  the  Society  to 
further  this  object  ?  I  submit  that  it  is  time  this  Society  takes  definite 
action  upon  the  question;  and,  if  necessary,  continue  the  discussion  upon 
it  from  meeting  to  meeting,  but  do  not  lay  the  matter  upon  the  table  again 
without  a  decided  expression  of  opinion. 

The  subject  is  now  well  before  the  public  ;  at  the  present  session  of 
Congi'ess,  some  twenty  jjetitions  in  favor  of  the  introduction  of  the  metric 
system  of  weights  and  measures  were  presented  ;  from  the  Massachusetts 
Legislature,  from  Yale  College,  the  Institute  of  Technology,  the  Bos- 
ton Society  of  Civil  Engineers,  the  Civil  Engineers'  Club  of  St.  Louis, 
Mo. ,  (tc.  ;  the  system  is  advocated  in  professional  jjeriodicals,  in  Scrib- 
ner's  Monthly,  &c. ;  we  have  the  American  Metrological  Society  especially 
organized  to  pii.sh  this  and  other  reforms  on  measures,  and  the  United 
States  Government  has  distril)uted  accurate  metre  bars  among  the  sev- 
eral States.  Civil  engineers,  who  make  it  part  of  their  business  to  mea- 
sure quantities  for  other  people,  are  bound  to  know  whether  or  not  this 
is  a  good  thing.  If  it  is,  then  the  American  Society  of  Civil  Engineers 
ought  to  support  it,  actively  and  energetically  ;  if,  on  tlie  other  hand,  it 
is  not  a  good  thing,  and,  as  some  think,  a  few  foolish  enthusiasts  are 
trying  to  crowd  an  objectionable  thing  upon  an  ignorant  and  confiding 
community,  then  let  the  Society  ajapear  as  the  protector  of  this  commu- 

*  Continuecl  from  page  354.  t  Referring  to  communications  from  Clemens  Her-scbel, 
Proceedings,  Vol.  I,  page  321 ;  Vol.  11,  page  Gl. 
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nity  aiul  stamp  the  tliiug  out  if  it  can.  Altliougli  the  Society  may  be 
utterly  unable  to  prevent  the  final  adojition  of  the  metric  system,  it  can 
obstruct,  and  at  least,  bj'  condemning  the  whole  thing,  can  prevent  its 
debate  at  the  meetings  ;  -whereas,  laying  it  on  the  table,  leaves  an  ever 
present  opi)ortuuity  for  it  to  be  taken  up  again. 

I  foresee,  however,  that  the  Society  is  not  going  to  condemn, 
totally  and  unequivocally,  the  metric  system  ;  the  notion  of  having 
all  measures  decimally  arranged  has  already  tt)0  strong  a  hold  upon  the 
people,  too  many  members  \v,i\e  in  various  ways  expressed  their  ap- 
proval of  it,  and  the  question  still  remains  as  to  what  steps  it  is  best  to 
take  for  the  gradual  and  easy  introduction  of  the  system  in  the  United 
States.  With  these  views,  I  offer  the  following  resolutions,  to  be  voted 
on  separately  : 

Resolved :  That  the  American  Society  of  Civil  Engineers  will  further, 
by  all  legitimate  means,  the  adoption  of  the  metric  standards  in  the  office 
of  Weights  and  Measures,  at  Washington,  as  the  sole  authorized  stand- 
ards of  weights  and  measures  in  the  United  States  ; 

Resoli'ed:  That  the  Chair  appoint  a  committee  of  five,  to  report  to 
this  Convention  a  form  of  memorial  to  Congress,  in  furtherance  of  the 
object  expressed.* 

While  I  trust  that  this  Society  will,  by  a  large  majority,  if  not  unani- 
mously, jjass  these  resolutions,  I  have  no  desire  to  appear  in  ignorance  of 
"the  objections  that  have  been  brought  against  similar  resolutions,  many 
■of  which  may  also  be  brought  against  these  now  offered.  "In  all  the 
transactions  of  life,"  ,says  an  anonymous  author,  "  we  are  called  upon  to 
strike  a  balance  between  the  advantages  and  the  disadvantages  of  a  pro- 
l)osed  mode  of  action.  Use  enables  all  to  see  both  sides  of  the  account ; 
but  in  anticipation,  the  great  majority  is  apt  to  see  only  the  disadvan- 
tages." Here  are  some  of  the  objections  that  have  been  brought  against 
the  metric  system  : 

1°.  The  metre  is  not  an  accurate  measure,  not  the  millionth  part  of 
the  quadrant  of  the  earth  ;  but  no  measure  is  or  can  precisely  be  ;  it  is 
not  in  the  nature  of  things  ;  it  is  now,  by  many  copies  of  standard 
platinum  metre  bars,  as  firmly  aiul  accurately  determined  as  any  measure 
Avell  can  be. 

2 '.  It  is  of  foreign  or  French  origin.  Not  so  ;  many  nations  tooki)art 
in  its  establishment.! 

*  This  resolution  was  subsequently  discussed  ;  for  record  of  action  taken,  see  Proceedings, 
Vol.  II,  page  85.  t  Two  coruniissioncrs  from  Holland,  two  from  Spain,  and  one  each  from 
Sardinia,  Denmark,  Tuscany,  Kome,  Cis  Alpine,  Ligaria,  Switzerland  and  Piedmont. 


357 

3"".  The  minics  are  French.  Not  so  ;  Greek  iuul  Ijatin  iiiunes  were 
••seleeted  purposely  to  iivoiil  this  objection.* 

4  .  There  is  too  much  ditierence  between  the  old  and  the  proi)osed 
uew  measures  ;  this  is  an  advantage  in  ett'eeting  the  change;  it  Avill  be 
•one  thing  or  the  other. f 

5  .  Tlie  metre  is  too  large.  It  is  just  as  easy  to  argue  that  the  foot 
is  too  small ;  we  reckon  earth-work  in  cubic  yards,  and  even  that  has 
b(>en  deemed  too  small,  and  the  "  siiuare  "  is  the  result.  Mariners  talk 
about  fathoms  in  depth  and  t'ath(nns  of  rope.  Cloth  is  measured  by  the 
yard  ;  rifles  have  a  range  of  so  many  yards  ;  all  this,  because  the  foot  is 
too  small.  AVe  speak  of  '20-inch  cylinders,  barometer  30  inches,  itc. ,  be- 
cause a  12-iuch  unit  is  too  small ;  in  handling  the  foot  measure,  mo.st 
overy  one  has  experienced  the  nuisance  of  a  foot-rule,  and  has  settled  on  a 
'2-foot  rule  instead,  the  .same  as  lias  every  mechanic  in  the  laud,  because 
the  foot  is  too  small.  Now  Avhat  is  the  truth  in  this  matter  ?  Why,  it  is 
simply,  that  no  one  unit  is  the  correct  thing  for  all  purposes.  We  need 
many  units  of  measure  ;  ia  the  workshop  the  centimetre,  or  the  millime- 
tre ;  for  bridge  spans,  earth-work,  Arc. ,  the  metre  ;  on  the  road  the  kilo- 
metre, and  so  on  ;  but  it  is  of  the  greatest  advantage  to  have  all  of  these 
units  intimately  related  to  one  auothei",  and  to  be  able  to  convert  the  one 
into  the  other  by  a  mere  shifting  of  the  decimal  point ;  and  when  thus 
•constituted,  these  different  units  are  in  effect  only  one  and  the  same  unit 
•of  measure,  and  one  that  is  applicable  to  all  purposes. 

6-'.  Once  in  a  while  w^e  hear  an  objection  like  this  :  "  that  the  foot  is 
the  length  of  a  man's  foot,  the  inch  the  length  of  the  first  joint  of  a 
man's  middle  finger  ;  the  yard  the  length  of  his  leg,  &c. ;  so  every  man  has 
constantly  with  him  a  scale  of  measurement  that  will  give  a  tolerable 
ai^proximation  to  the  standard  dimensions. ":}:  I  hardly  know  whether  this 
is  seriously  meant  as  an  objection  or  not  ;  I  have  read,  and  could  have 
•copied  (as  I  have  coj^ied  these  of  English  linear  measures)  analogies  ex- 
pressed in  the  metric  lengths  ;  but  to  Avhat  useful  end  ?  They  evidently 
Tiave  not  the  slightest  practical  value.  As  a  comment  on  the  crudeness  of 
such  views,  it  might  be  i:)ointed  out,  that  although,  as  quoted,  the  length 
of  a  leg  is  a  yard  long,  history  I  believe,  teaches  us  that  it  was  the  length 
■of  a  certain  English  king's  arm  that  was  originally  taken  as  a  yard  ;  so 

*  Spain  saj-s,  metro,  litro,  &c.  Similarly,  Englisli  speaking  nations  would  anglicize  the 
metric  terms. 

t  These  were  heads  noted  for  the  speaker's  use ;  they  do  not  adequately  represent  the  re- 
marks actually  made,  which  the  speaker  has  had  no  opportunity  to  write  out. — C.  H. 

+  But  one  shoe  in  1  000  is  a  foot  long.  The  average  length  of  a  man's  foot  is  given  by 
authorities  at  25.5  ceutimetres=  10,'^  inches,  while  one  foot=r2  inches,  is  30.5  centimetres; 
«nd  what  is  called  a  foot  ranges  from  2ri  centimetres  iu  Hessia,  to  51.37  in  Piedmont. 
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that  this  form  of  comparison  does  not  distinguish  the  difference  between: 
a  leg  and  an  arm,  and,  in  foUowing  it,  it  Avill  be  impossible  to  tell  'whether 
one  is  standing  on  his  feet,  or  on  his  head.  However,  it  is  well  enough 
for  eveiy  one  to  carry  witli  him,  some  approximate  measures  of  the  sort 
indicated.  I  use  my  span  ;  it  is  about  i)  inches,  or  23  centimetres  long, 
and  it  is  as  easy  to  remember  the  one  as  the  other. 

7  '.  The  gi-eat  objection  most  frequently  brought  to  bear  against  the 
proposed,  or  any  change,  is  however,  the  trouble  and  expense  that  it  is 
anticipated  will  be  caused  in  making  the  change.  Well,  is  there  any 
good  thing  to  be  had  in  this  world  without  hard  work  ?  Nevertheless,  the 
good  things  are  believed  to  be  worth  what  they  cost.  I  think  it  is  gene- 
rally admitted  that  the  change  must  come  some  time  ;  then  why  not  now  ?' 
We  shall  never  be  in  any  better  position  to  make  it ;  there  will  always  be 
the  same  reference  to  trouble  and  expense  there  is  now,  and  perhaps  Ave 
could  make  the  change  at  even  less  expense  now,  than  ever  again. 
There  will  always  be  some  difficulty,  though  I  think  it  will  be  far 
less  than  is  anticipated.  The  German  nation,  between  18G8  and  1872, 
made  the  change  ;  by  setting  the  date  of  the  final  adoption  of  the  metric 
system,  as  the  sole  standard,  four  years  in  advance,  the  people  found  that 
during  those  years  most  of  the  change  had  been  quietly  effected,  so  that 
when  the  dreaded  day  came,  there  remained  hardly  anything  to  be  done. 
It  is  too  often  forgotten,  that  already  in  our  oAvn  history,  one  change 
such  as  contemplated,  has  been  made  and  without  great  difficulties. 
Doubtless  it  was  annoying,  and  caused  the  conservative  portion  of  the 
community  gTeat  trouble  to  change  from  the  shiUing,  the  ninepence  and. 
the  four  bit  ha'penny,  to  the  decimal  coinage  now  used.  As  regards  the 
trouble  to  be  caused  to  our  own  j)rofession,  I  ajiprehend  that  there  are 
many  engineers  present  who  can  speak  of  it  from  joersonal  experience, 
having  been  employed,  at  one  time  or  another,  in  foreign  countries.  As 
for  myself,  I  have  made  the  change,  from  one  system  of  weights  and 
measures  to  another,  twice  in  the  course  of  my  life.*  In  fact,  the  figures 
that  one  carries  in  his  head,  at  any  one  time,  are  after  all,  pretty  light 
baggage.  The  bulk  of  knowledge  must  always  stay  in  the  books,  and 
these  are  as  readily  printed  in  the  one  measures  as  the  others.     Expe- 


*  I  graduated  at  the  engineering  scliool  connected  with  Harvavd  University,  and  learned 
tliere  only  the  English  measures  ;  I  then  studied  3^  years  in  France  and  Germany,  studying 
only  in  the  metric  measures  :  then  returned  to  practise  in  the  New  England  States,  and, 
resumed  the  English  measures.  I  should  exaggerate,  were  I  to  speak  of  any  serious  inconve- 
nience caused  by  these  changes.  The  figuies  carried  in  one's  head  are  few,  and  it  is  as  easy 
to  remember  7  kilogi-ains  to  the  squiire  centimetre,  as  it  is  10  UUO  pounds  to  the  square  inch. 
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rionco  has  shown  in  EnLiliUul  and  Ci(>nnany,  that  the  nun-hanic  and 
laborer  very  easily  learn  tlie  lU'w  measures  ;  in  Germany,  the  change 
was  often  efteeted  in  a  single  morning  without  interrupting  work  in  hand, 
the  only  thing  necessary  being  to  give  the  men  new  drawings  ligured  in 
metric  measures,  with  new  rides,  and  to  take  aAvay  the  old  ones. 

An  especial  fear  is  expressed  as  to  the  exjjeiise  of  changing  in  maeliine 
shops,  and  with  some  reason.  In  the  case  of  any  reform,  it  is  always 
«ome  classes  who  are  unfavorably  affected  ;  however,  the  progress  of  the 
world  is  not  stopped  on  that  account,  and  looking  the  matter  in  the  face, 
what  does  it  really  amount  to  ?  If  the  public  obliges  the  machine  shops 
to  change  taps,  dies,  gauges,  «fcc.,  let  the  machine  shops  oblige  the  public 
to  pay  for  the  change  Avhenever  they  sell  their  goods.  The  change  Avill 
•cause  expense  to  the  shops,  and  it  will  bring  them  work  ;  in  the  long  run, 
which  wDl  be  ahead — the  machine  shops  or  the  public  ?  Or,  if  all  the 
machine  shoi)S  will  need  new  taps  and  dies,  will  not  the  ta])  and  die-makers 
have  a  good  run  of  work  ?  And  is  it  not  the  grand  final  result  of  any 
change  that  more  or  less  money  has  changed  hands,  smart  men  getting 
the  most  ?  The  actual  loss  of  property  will  be  so  distributed  during  the 
progress  of  the  change,  that  it  is  scarcely  felt. 

There  are  some  reasons  for  su^jposing  that  the  difficulty  and  cost  in 
the  machine  shojjs  have  been  overestimated.  We  have  had  in  this 
country,  as  opposed  to  the  introduction  of  the  metric  measures,  a  strong 
statement  of  these  anticipated  troubles,  by  Mr.  Coleman  Sellers.  *  Also 
in  the  Engineer hig  News,  of  May  13,  the  chief  engineer  of  a.  well- 
known  bridge  company  in  the  "West,  has  written  on  the  subject ;  he  says, 
speaking  of  the  state  of  affairs  after  the  change  has  been  eff'ected  :  "A 
jiulley  must  be  replaced  on  a  3-inch  shaft,  it  must  be  bored  out  to 
7.620  402  3-|-  centimetres  ;  the  man  at  the  drill  would  stand  aghast."  I 
fancy  the  superintendent  of  the  shop  could  prevent  such  a  startling 
exhibit,  however,  in  three  Avays  :  he  could  give  the  man  the  dimensions 
of  the  Avork  to  be  done,  in  millimetres  and  tenths  of  millimetres,  if  need 
be,  and  thus  drop  five  out  of  the  seven  decimals.  Anything  finer  than  a 
tenth  of  a  millimetre  (=:  0.004  inch)  is  beyond  the  powers  of  any  ordinary 
machine  tool,  and  to  read  to  all  the  decimals  above  quoted  would  require 
a  finer  microscope  than  has  yet  been  constructed.  Again,  he  could  .show 
the  man  the  shaft,  and  have  him  fit  his  pulley  on  that  shaft,  or,  in  repair- 
ing old  work,  and  until  all  the  old  work  has  disappeared,  the  workman 


*  On  two  occasions:  in  an  address  before  the  American  Railway  Master  Mechanics'  Asso- 
-■ciation,  and  in  a  recent  majority  Report  to  the  Franklin  Institute  of  Pennsylvania. 
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could  use  the  old  foot  rule.  *  There  will  always  be  a  way  to  get  over 
these  seeming  difficulties,  and  if  we  Avere  all  called  on  to-day  to  compete, 
say  for  government  woi'k,  descnbed  in  metric  dimensions,  we  would 
readily  find  the  way  to  do  it.f 

To  show  there  is  no  practically  insup(>ral)le  difficulties  in  making  the- 
change  (and  that  is  all  that  is  claimed,  for  all  admit  that  some  work  is 
required  to  achieve  anything),  I  may  mention  three  cases— one  in  Eng- 
land, and  two  in  this  country — of  workshops  which  already  use  the  metric- 
measures.  The  one  in  England,  a  machine  shop,  making  many  cog- 
wheels among  other  things,  is  mentioned  in  "Minutes  of  the  Institution, 
of  Civil  Engineers,"  1868-9,  page  589.  The  case  nearer  home,  is  that  of 
the  American  Watch  Co. ,  at  Waltham,  Mass.  The  works  were  started! 
in  1857,  and  the  change  of  measures  made  in  1869.  Mr.  A.  Webster;!; 
originally  adopted  the  larinciple  that  the  finer  the  measures  used  by  th& 
mechanic,  the  better  work  he  will  produce.  The  hiandredth  of  an  inch' 
was,  however,  too  coarse  for  his  purposes,  and  the  thousandth  too  fine- 
to  be  seen  with  the  naked  eye  ;  the  tenth  of  a  millimetre  was  just  about, 
right.  This  was  his  starting  point,  but  in  the  course  of  his  investiga- 
tions he  soon  saw  that  the  metric  measures  woiild  enable  him  to  construct 
measuring  tools,  gauges,  &c.,  of  an  accuracy  and  convenience  in  use- 
that  could  not  be  obtained  by  means  of  the  tools  and  measiires  first 
placed  in  the  factory.  He  hesitated  for  two  or  three  years  in  the 
matter,  studied  the  subject  carefully,  and  finally  concluded  to  change  all. 
the  taps,  dies  and  gauges,  and  from  a  certain  day,  when  all  the  new  tools- 
were  ready,  to  use  none  of  the  old  tools  and  measures,  except  in  the- 
repair  of  old  machines.  As  I  have  already  stated,  he  does  not  regret 
the  step.  He  has  found  no  difficulty  in  taking  Avorkmen  as  they  come, 
and  making  them  work  according  to  the  new  measures. 

Waltham  watches  sell,  and  the  factory  jarospcrs.  The  agent  of  the- 
Amcrican  Watch  Tool  Co.,  Mr.  J.  Z.  Whitcomb,  was  four  or  five  years  in( 
the  metric  shop,  and  when  he  started  his  own  works,  he  began  them  on  the- 
metric  system.     It  must  be  remembered,  in  si^eaking  of  these  cases,  that. 


*  This  last  is  the  method  adopted  in  the  Waltham  Watch  Factory,  of  which  I  shall  speak: 
later.  In  about  fowr  years,  they  used  the  old  taps  and  dies  not  over  once  a  month,  and  now 
hardly  ever. 

tin  the  papnr  from  which  I  have  quoted,  is  a  letter  from  Genl.  Franklin,  of  Colt's  Patent 
Fire  Arms  Manufacturing  Co.,  of  Hartford,  Conn.,  in  which  he  says  that  these  works  stand 
ready  to-day,  to  make  guus  according  to  the  metric  dimensions,  at  the  same  rates,  as  according 
to  the  English  measures  ;  and  this,  I  sui)pose,  is  equally  true  about  the  bell-punches,  and  the- 
Baxter  Steam  Engines,  with  which  these  works  bless  the  community. 

t  The  Superintendent  of  the  machine  .shop  connected  witlj  the  works,  at  that  time,  anfi 
now  Assistant  General  Superintendent  of  the  factory. 
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of  course  tlio  labor  mid  (^xpiMiso  of  makiiift-  tlio  (•hiiiip;e  was  far  greater 
for  tli(^si>  faetories,  at^tiiig  aloue  by  themselves,  than  it  would  be  for  one 
actinsr  in  eoniinou  with  the  whole  community.  These  works  are  also 
subjected  to  annoyances  in  makuifj:  the  change,  which  would  entirely 
disiippear  if  the  r<>st  of  the  commnuity  would  change  with  them ; 
but  in  spite  of  all  this,  tliey  have  done  single-handed  what  is  now 
proposed  all  should  do  in  common.  Their  example  seems  to  indicate 
that  the  difficulties  to  be  overcome  in  making  the  change  have  been 
overrated. 

Another  instructive  instance  is  that  of  the  whole  (lerman  nation, 
which,  as  before  stated,  changed  its  measiu-es  to  those  of  the  metric 
system,  between  18G8  and  1872.  Let  one  refer  to  files  of  German 
technical  journals,  and  he  will  find  the  same  classes,  genera  and  species 
of  arguments,  pro  and  con,  as  we  now  see  in  our  journals  and  hear  in 
our  societies;  the  same  difficulties  were  anticipated,  the  same  items  of 
expense  and  trouble  were  urged  against  the  adoption  of  the  new 
measures,  and  yet  the  change  was  made,  easily,  without  apparent 
ti'ouble,  and  Germany  would  not  go  back  to  the  old  measures  any  more 
than  we  woiild  return  to  the  pounds,  shillings  and  pence  of  our  fore- 
fathers. The  example  is  extremely  instructive,  and  shows  that  the 
difficulty,  the  expense  of  making  the  change,  is  only  too  often  sadly 
overrated.  "  In  anticipation,  the  great  majority  sees  only  the  disadvan- 
tages of  any  proposed  change.  Use  enables  all  parties  to  see  both  sides 
of  the  account." 

In  ilms  speaking  of  the  objections  that  have  been  brought  against 
the  introduction  of  the  metric  system  in  the  United  States,  I  have 
incidentally  alhided  to  some  points  in  its  favor  ;  but  overlooking  for  the 
present  some  minor  recommendations,  the  system  has  these  three  great 
advantages : 

First — It  is  decimal.  Now,  will  it  be  necessary  for  me  to  argue- 
before  this  assembly  in  favor  of  the  advantages  of  this,  or  to  reply 
to  those  who  are  never  tired  of  attempting  to  prove  that  our  whole- 
science  of  arithmetic  is  at  fault,  and  should  have  been  based  on  the- 
dirodecimal  scale  ?  I  fancy  not.  I  am  addressing  the  citizens  of  a. 
country  possessing,  as  do  most  of  the  nations  of  the  present  day,  a 
decimal  coinage — a  reform  started,  however,  I  believe,  by  ourselves.  I 
am  speaking  to  members  of  a  profession  who  have  introduced  the 
decimal  division  of  the  foot  in  their  practice.  Until  our  arithmetic  is. 
changed,  possibly  ten  centennials  from  now,  a  decimal  division  of  our 
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measures  is  the  best  one.  But  it  is  one  of  tlie  advantages  of  the  decimal 
tlivision  that  it  retains  a  binary  form  of  division  up  to  halves  and 
quarters,  as  for  instance,  halves  and  quarters  of  a  dollar  and  beyond 
this  jDoint,  into  the  labyrinth  of  eighths,  sixteenths,  thirty-seconds, 
sixty- fourths,  &c.,  this  binary'  form  of  division  more  than  ceases  to  be  a 
virtue. 

Second. — A  great  advantage  of  the  metric  system  is,  that  it  has  units 
of  capacity  and  of  weight  which  bear  a  simple  relation  to  the  unit  of 
length,  and  have  analogous  names.  This  renders  it  a  more  useful 
servant  in  all  the  daily  affairs  of  life,  and  makes  it  much  easier  to  teach 
to  children.  It  has  been  urged,  by  experienced  educators,  that  they 
could  devote  one  whole  year  of  every  child's  school  time  to  other  and 
useful  objects,  if  the  metric  system  of  weights  and  measures  were  in  use, 
instead  of  that,  upon  which  much  of  their  time  is  now  wasted.  One 
whole  year's  labor  of  every  child  to  be  educated,  many  years'  time  in  all, 
of  every  teacher  throughout  the  land,  and  all  this  to  keep  alive  a 
deformity,  a  misshapen  organization  that  is  the  offspring  of  centuries  of 
chance  and  accident,  and  of  the  edict  of  long  lines  of  stupid  sovereigns 
•of  the  past.  This  it  is  jjroposed  to  supplant  by  a  clear  system  of 
measures,  that  from  the  beginning  was  designed  to  be  simple  ; — and 
here  I  touch  upon  its  other  great  advantages. 

Third. — It  was  designed  to  be  international,  the  common  property  of 
all  mankind.  I  will  leave  to  abler  speakers  to  portray  the  beauty  of  this  : 
the  idea  of  aU  nations  having  one  unit  of  measure,  and  the  advance  toward  a 
good  understanding  of  the  people  of  the  earth  among  themselves,  when 
this  shall  once  have  been  accomplished.  Such  thoughts  will  suggest  them- 
selves to  all,  in  the  presence  of  the  Exhibition  which  we  have  come  to 
see.  But  let  us  look  at  the  matter  in  the  sanie  sjnrit  of  calm  inquiry 
and  of  cost,  that  I  have  endeavored  to  keep  before  me.  Here  is  a  system 
of  weights  and  measures,  not  French,  as  many  would  have  you  believe, 
but  already  adopted  among  so  many  nations,  that  it  is  far  easier  to  name 
those  which  have  not  adopted  the  metric  measures,  than  those  which 
Jiave;  and  in  all  of  them  Avhicli  yet  lack  this  conformity  to  a  desired 
•end,  there  is,  and  for  years  has  been,  an  endeavor  to  bring  about  this 
"  keeping  step  to  the  music  of  the  Union. "  Is  there  not  great  i^robability 
that  in  the  end  all  the  nations  of  the  earth  will  be  agreed  on  this  i)oint  ?  * 


*  We  hear  quoted,  extracts  from  John  Quincy  Adams  of  1821,  and  references  to  tlio  yard, 
the  metre  and  the  pendulum  of  Sir  John  Herschel.  Whatever  may  have  been  the  o])iniou  of 
these  great  men  in  the  past,  it  is  evident  to  us,  it  would  now  be  evident  to  them,  that  only  by 
iidopting  the  metric  system,  can  uniformity  among  nations  be  ever  expected  at  tliis  date. 
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In  fact,  tlio  tlocifsiou  (Impends  nuw,  linally  ami  irrevocably,  upon  either 
tlio  Uuited  States  ov  upon  England.  Let  one  adopt  the  metric  standard, 
and  all  that  yet  remain  to  cliangc  (they  are  only  Great  Britain,  Rnssia.- 
the  United  States,  and  some  minor  and  Oriental  nations)  will  un- 
doubtedly join  the  majority.  Which  is  better,  that  we  follow  the  lead 
of  England  in  this  matter,  or  that  the  English  shall  find  it  necessary 
to  follow  us  ;  and  follow  they  must,  if  we  adopt  the  metric  system 
of  weights  and  measiu'es,  for  by  so  doing  we  bid  strongly  for  much 
of  the  import  trade  of  other  nations,  and  we  make  a  strong  effort 
for  largely  increasing  the  export  trade  of  the  United  States  at  the 
expense  of  England.  "Which  will  nurture  the  nation  most,  to  still  run  in 
an  old  rut,  or  to  increase  our  export  trade,  by  accommodating  our  cus- 
tomers ■?  Is  not  this  trade  one  great  element  of  the  weath  of  a  nation  ? 
Now,  here  are  the  gi-eat  South  American  countries — Brazil,  Peru, 
Chili,  etc. — large  buyers,  near  neighbors,  and  all  of  them  have  the 
metric  s^'stem  of  weights  and  measures.  Does  not  every  builder  of 
machinerv'  know,  that  before  the  inhabitant  of  these  countries  will  buy  a 
machine  of  us  he  will  think  twice  about  it,  because  the  repair  of  that 
mjichine  in  his  own  country,  constructed  as  it  is  with  a  dift'erent  scale  of 
lengths,  will  be  just  a  trifle  annoying  to  him  ?  i\nd  yet  we  lead  the 
world  in  the  invention  of  labor-saving  machinery.  This  is  the  precise 
kind  of  machinery  that  is  most  in  demand  in  many  countries,  which 
manufacture  little  and  buy  much  ;  and  for  the  sake  of  an  ounce  of  trouble 
spread  over  four  or  five  years  of  a  lazy  man's  life,  we  are  to  make  no 
attempt  to  accommodate  these  customers,  or  effort  to  increase  our  export 
trade  to  foreign  countries,  even  though  it  be  at  the  expense,  perhaps,  of 
our  great  rival  in  the  sale  of  machinery  to  'the  world.  I  trust  not,  and 
what  I  have  argued  in  the  case  of  machinery  is  more  or  less  applicable  to 
all  the  manufactured  products  of  the  nation;  the  export  trade  in  all  of 
which,  could  be  notably  increased,  I  submit,  by  being  manufactured  to 
suit  the  wants  of  metric  buyers.  These  are  our  customers  ;  England 
buys  of  us  raw  j)roducts  ;  she  sells  us  manufactured  goods  ;  she  sells  the 
same  to  other  nations.  If  we  wish  to  gain  an  advantage  over  her,  we 
must  i)lease  her  customers  better  than  she  does. 

The  advantages  of  the  metric  system,  it  is  true,  are  few  and  can  bo 
briefly  stated.  To  those  who  are  familiar  with  its  merits,  tlity  are  so 
patent,  that  it  is  even  difldcult  for  them  to  i^resent  these  advantages  in  a 
formal  manner.  The  disadvantages,  fancied  and  real,  that  have  at  times 
.been   brought  up   against  the  introduction  of  the  metric  svsteni,   it  is 
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true,  arc  mimerous  ;  hut  they  are  often  trivial,  ami  the  light  of  analogous 
experience  teaches  us  that  whatever  they  are,  they  fade  into  insignifi- 
cance, when  by  a  combined  movement,  all  classes  of  a  community  strive  tO' 
have  and  enjoy  the  resultant  benefits. 

Upon  the  subject  matter  that  is  brought  up  by  the  second  resolution 
which  I  have  offered,  it  will  not  be  necessary  to  say  much  at  this  time. 
Its  discussion  would  come  more  j)roperly  nijon  the  presentation  of  the 
report  of  the  committee,  which  the  resolution  contemplates.  It  may  not 
be  improper  to  recall,  however,  that  this  is  a  free  country.  I  am 
not  disclosed  to  "let  tlui  eagle  scream"  to  that  extent  as  to  argue 
that  in  this  country,  or  in  republics  alone,  it  is  the  voice  of  the' 
l^eople  that  leads  to  legislation,  or  brings  about  a  needed  reform  in  the- 
affairs  of  state  ;  but  it  is,  at  all  events,  a  marked  feature  in  the  adminis- 
tration of  our  aflfaii's,  that  all  refoi'ms  must  come  in  obedience  to  the 
voice  of  the  majority.  Then  so  much  the  more,  it  is  the  duty  of  every 
citizen  of  the  Republic,  energetically  to  work  for  reform,  to  support  it 
openly,  combatting  error,  educating  where  he  may,  his  neighbor.  A 
body  so  large,  so  widely  distributed,  of  so  high  a  degree  of  general  edu- 
cation as  the  American  Society  of  Civil  Engineers  cannot  fail  to  exercise- 
a  marked  influence  upon  the  affairs  of  the  nation,  if  it  will.  With  these 
views  I  have  brought  the  subject  before  you.  I  trust  that  the  Society 
will  speak  with  no  uncertain  voice. 

Mr.  Joseph  B.  Davis.— An  ol)jection  to  the  introduction  of  the 
metric  systc^n  has  arisen  in  the  West,  which  has  much  weight  in  that 
j)art  of  the  country.  The  land  there  is  all  surveyed  in  miles,  squares  or 
sections,  and  then  subdivided.  It  was  said  that  the  change  might  cause 
great  difficulty  in  making  these  subdivisions.  But  I  think  a  little  com- 
putation will  show  that  this  objection  may  be  readily  overcome  ;  also- 
that  in  this  case,  as  in  others,  the  metric  system  will  simplify  the  work. 
The  mile  measure — which  according  to  our  standard  is  a  few  metres  more 
than  1  600 -can  be  easily  made  to  conform  to  it:  it  then  Avill  represent  a 
distance  much  nearer  a  true  mile  than  the  sides  of  the  sections  are  found 
to  be,  when  retraced,  and  which  readily  divides  into  halves,  quarters, 
eighths  and  so  on  to  the  smallest  subdivision. 

Me.  Coleman  Sellers. — As  my  name  has  been  used  in  this  discus- 
sion, I  think  it  proper  to  say  a  few  words  on  this  inqiortaut  suliject. 
Without  going  so  far  from  here  as  to  the  Waltham  watch  factory,  if  Mr. 
Herschel  had  visited  our  shops  in  this  city*,  he  would  have  seen,  that  irb 

*  William  Sellers  &  Co..  IGOO  Uaniilton  Street,  Philiulelplii;!. 
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one  of  Mio  most  important  ili'iKirtnionts,  tlio  mntric  system  has  been  used 
for  move  than  sixteen  years.  It  is  as  easy  for  any  one  of  our  workmen  to 
iise  the  metre  as  it  is  for  him  to  use  the  inch,  so  far  as  the  mere  measure- 
ment of  any  object  is  concerntnl ;  but  tlie  inch  as  a  unit  of  measure  in  the 
machine  shop  has  advantages  over  any  of  the  subdivisions  of  the  metre. 
Such  subdivision  gives  the  decimetre,  too  long  a  unit,  the  centimetre  toO' 
short  a  unit,  for  convenience  in  mental  use.  The  inch,  either  decimally 
divided,  or  divided  into  halves,  quarters,  eighths,  &c. ,  is  a  very  much 
more  convenient  unit.  The  scientist  finds  the  French  system  of  great 
use  in  its  harmony,  and  as  it  presents  certain  advantages  in  calculation, 
he  naturally  urges  its  ixniversal  adoption.  For  my  own  pafrt,  long  use  has 
made  me  familiar  with  it,  and  in  the  drawing  room  it  is  as  easy  to  apply 
as  any  other  scale  of  equal  parts. 

Those  who  advocate  our  adoption  of  the  new  system  to  the  exclusion 
of  the  old  one,  would  do  well  to  consider  the  cost  of  the  change ;  this 
matter  of  cost  is  of  more  serious  import  than  all  else,  and  is  not  always 
clearly  seen  by  the  advocates  of  the  change.  In  the  jareparatiou  of  the 
paper  read  by  me  before  the  American  Railway  Master  Mechanics'  Asso- 
ciation,* I  took  the  trouble  to  make  a  careful  calculation  of  the  cost  of 
a  radical  change  from  one  system  to  the  other.  This  calculation  was 
based  on  the  assumption  that  in  the  new  unit  of  measure,  long  decimals 
could  only  be  avoided  by  altering  sizes  into  the  nearest  dimensions  in 
millimetres;  hence  that  the  standards  of  measures,  the  inch  taps,  the  inch 
gauges,  the  inch  reamers,  mandrils  and  drills  must  be  replaced  by  sizes 
in  even  millimetres.  In  a  machine  shop  such  as  our  own,  employing  600 
hands,  this  change  would  cost  $150  000 ;  which  is  rather  a  heavy  tax 
when  the  advantages  to  be  gained  are  not  such  as  would  be  felt  or  ap- 
preciated by  us  or  by  our  woi-kmen,  but  Avould  merely  force  a  conformity 
with  other  nations  who  have  seen  fit  to  adojit  the  metric  system. 

The  true  value  of  the  inch,  as  the  unit  of  measurement  in  the  machine 
shop,  can  only  be  fully  appi-eciated  by  those  who  have  for  many  years 
been  familiar  with  both  systems.  When  we  introduced  a  French  inven- 
tion— the  injector  for  feeding  steam  boilers  with  water — the  sizes  of 
the  instrument  were  given  in  millimetres  ;  thus  a  No.  four,  injector, 
was  one  in  which  the  delivery  Avas  4  millimetres  in  diameter  at  its 
smallest  place.  To  have  retained  this  size  and  exj)ressed  its  dimen- 
sions in  fractions  of  an  inch  would  have  given  to  us  the  same  truth,  as 
would  a  change  of  name  to  our  inch  sizes  and  the  expression  of  these 
same  dimensions  as  in  the  French  measure.      So  we  adopted  the  metre 

*  "  The  Metric  System  in  our  Workshops." 
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as  tlie  unit  of  measure  in  this  case,  and  have  seen  no  reason  to  regret 
having  done  so.  liut  its  continued  use  during  many  years  has  only  con- 
firmed us  iu  the  advantage  of  the  inch,  a  luiit  ^vhich  ean  be  divided  into 
any  convenient  subdivision  at  the  option  of  the  user.  The  Waltham 
Watcli  Factory,  or  any  other  manufactory  using  only  short  measurements, 
•will  find  the  metric  system  as  convenient  as  we  have  found  it  iu  its  use 
in  building  injectors,  but  for  those  shops  that  deal  in  larger  sizes  of  parts 
the  inch  is  very  much  more  convenient. 

Let  any  other  unit  of  measurement  be  introduced,  we  could  not 
abandon  our  nomenclature  of  the  inch  ;  for  there  is  an  immense  stock 
of  material,  sized  by  iuclies  that  must  be  continued,  to  avoid  confusion. 
Thus,  all  the  gear  wheels  in  the  land  are  spaced  by  inches  and  the  vulgar 
fractions  of  the  inch,  in  the  teeth  ;  which  if  of  i  iucli,  of  j  inch,  of  1  inch  or 
of  6  inches  pitch,  we  must  continue  to  use,  for  they  are  in  use,  and  the  exist- 
ing patterns  number  by  thousands  ;  and  whicli  pitched  by  tlie  incli  in 
spacing  their  teeth,  make  a  decimal  division  of  the  incli  in  placing  their 
centres.  So  to  avoid  this,  a  peculiarly  American  system  was  adopted, 
called  the  per-incli  system;  this  was  introduced,  I  think,  by  the  makers 
of  cotton  and  woollen  machinery  in  New  England.  By  this  system  the 
wheels  are  placed  with  their  centres  at  even  inches  apart,  and  their  teeth 
are  spaced  by  decimal  divisions  of  the  inch.  A  wheel  10  inches  in  diam- 
eter, lO-per-indi,  has  lUO  teeth  in  its  circumference  ;  one  10  inches 
diameter,  'd-per-inch,  has  30  teeth,  and  one  10  inches  diameter,  \-per-inch, 
has  10  teeth  only.  This  beautiful  system  can  only  be  perpetuated  by  the 
perpetuation  of  the  inch  as  the  unit  ;  that  it  will  be  continued  in  spite 
of  any  edicts  to  the  contrary,  is  quite  apparent  to  the  users  of  the  system. 
Now  that  many  of  the  countries  of  the  world  have  introduced  the  metre 
into  their  workshops,  it  is  instructive  to  note  how  few  have  ventured  to 
express  their  screw  threads  by  any  nomenclature  save  that  of  so  many 
threads  to  the  incli.  When  the  German  (xovernment  adopted  the  metric 
system  it  did  a  wise  thiii.u'  ;  it  had  a  country  madt'  u])  of  many  small 
states,  all  using  ditterent  units  of  measurement;  Als^ace  and  Lorraine  were 
metric  using  provinces.  It  is  therefore  safe  to  infer  that  political  reasons 
influenced  the  adoi)tion  of  the  French  system. 

For  some  years  i)ast,  I  have  been  intimately  acquainted  with  Prof. 
Julius  E.  Hilgard  ;  to  him  is  largely  due  the  fact  that  the  French  system 
is  legal  in  America  ;  he  took  an  active  paii  in  having  it  legalized.  If 
you  or  I  use  the  metric  .systi^m,  we  are  doing  a  lawful  thing,  and  no  one 
•  can  object  if  we  sell  our  goods  by  the  metre',  if  we  wish  to  do  so.  Prof. 
Hilgard,  however,  tliinks  witii  me  that  just  liere  the  matter  should  end, 
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ami  tlmt  any  rom])ulsovy  law  would  be  highly  injurious  and  should  not 
be  contemplatod  now.  If  the  metre  is  better  than  the  unit,  if  the  French 
system  presents  advantages  which  render  its  adoption  a  matter  of  con- 
venience or  profit,  let  its  adoption  be  voluntary  not  forced.  Show  the 
people  that  they  will  be  the  gainers  by  the  change,  and  they  will  make  it. 
At  tliis  time  it  is  impossible  to  influence  Congress  in  the  direction  of  a 
change — the  French  system  is  legal,  and  yet  in  but  one  department  of 
Government  is  it  used.  Prof.  Hilgard  can  tell  you  that  the  Coast  Sur- 
vey dejiartment  uses  the  metre  as  its  unit  of  measurement  on  the  surface 
of  the  earth,  and  yet  in  this  department  the  foot  divided  decimally  is 
used  for  all  vertical  measurement.  The  United  States  Survey,  apart 
from  the  Coast  Survey,  uses  the  foot  and  the  mile  ;  every  part  of  our 
country  is  divided  into  feet  and  recorded  in  feet,  and  is  bought  and  sold 
by  some  measurement  expressed  in  feet,  or  some  measure  involving  feet. 

It  is  not  only  in  the  machine  shop  that  the  inch  is  so  convenient. 
When  panes  of  glass  are  cut  (and  they  have  for  years  been  cut  to  sizes  ex- 
pressed by  inches),  the  nomenclature  of  their  sizes  8  x  10,  10  x  12,  etc.,  is 
beautiful  in  its  simplicity.  A  carpenter,  in  laying  out  a  window  frame  for 
four  lights  inside,  of  10  x  12  glass,  can  make  a  mental  calculation  involv- 
ing few  figures:  thus  2  frames  2  inches  each,  4  glasses  10  inches  each,  3 
mountings  of  ^  inch  each,  will  give  him  on  his  fingers,  a  frame  44j  inches 
wide,  with  but  little  mental  effort.  Let  the  advocates  of  the  French  sys- 
tem desire  a  simpler  rule  than  now  attains  with  the  carpenter,  ere  they 
seek  to  make  the  change  compulsory. 

Mk.  Jumus  E.  Hllgaed. — The  discussion  of  this  subject  has  a  special 
interest  for  me,  as  the  matter  of  standards  of  measurement  is  under  my 
charge  at  Washington.  That  I  am  disposed  to  forward  any  feasible  meas- 
ure looking  towards  unification  of  standards,  which  is  now  possible  only 
by  the  adoption  of  the  metric  system  in  this  country,  I  will  be  credited 
with,  when  it  is  remembered  that  I  am  one  of  those  who,  ten  years  ago, 
were  instrumental  in  procuring  the  legalization  of  the  metric  system  in 
the  United  States.  I  beg,  therefore,  not  to  be  understood  as  unfriendly 
to  the  proposition  of  the  Boston  Society  of  Civil  Engineers  when  I  ex- 
press my  opinion  that  it  is  unadvisable  to  urge  additional  legislation  upon 
this  subject,  for  I  think  Congress  has  done  all  it  is  willing  to  do  for  some 
time  in  that  direction  ;  and  I  fear  that  if  we  press  the  matter  too  hard, 
the  measure  Avill  receive  so  great  a  set  back  as  to  make  lis  all  regret  that 
it  was  brought  forward.  It  is  with  the  greatest  difficulty  that  I  can 
get  a  hearing  at  all  upon  the  subject,  before  Congress.  From  New  York, 
Chicago,  St.  Louis,  Philadelphin,  and  other  cities,  from  all  the  leading 
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universities  and  colleges,  petitions  and  memorials  liave  l)eeu  sent  in  favor 
of  our  participation  in  an  International  Bureau  of  Weights  and  Meas- 
ures, and,  as  yet,  without  availing  anything  ; — the  proposition  hes  dor- 
mant in  a  committee  room,  certain  to  be  rejected  if  called  up.  I  know 
most  of  the  members  in  Congress,  and  do  not  tliiuk  it  can  Ijc  passed  for 
some  time  yet,  and  certainly  not  at  the  present  session. 

It  would,  in  my  view,  be  perfectly  useless  to  urge  the  adoption  of  any 
legislation  looking  towards  making  the  use  of  the  metric  system  obliga- 
toiy.  I  had  a  conversation  a  few  weeks  ago  with  a  member  of  consider- 
able influence,  whose  name  you  are  all  familiar  with,  and  towards  whom 
now  all  eyes  are  fixed,  Avho  said  he  did  not  tliiuk  that  the  metric  system 
would  ever  be  introduced  in  the  United  States,  nor  did  it  appear  to  him 
at  all  desirable.  Such  api)ears  to  be  the  situation  at  AVashington.  Mean- 
time, gentlemen,  you  can  use  the  system  ;  as  far  as  you  are  able,  you 
might  have  it  taught  in  the  schools,  and  teach  the  rising  generation  its 
advantages,  and  when  they  are  seated  in  the  Houses  of  Congress,  we  will 
press  it.  I  am  speaking  to  the  friends  of  the  measure,  and  if  they  urge 
it  now,  it  will  receive  a  very  sad  blow. 

The  American  Metrological  Society,  after  discussing  the  same  propo- 
sition as  made  by  our  Boston  friends,  voted  that  the  time  had  not  come 
when  any  compulsory  legislation  was  advisable.  It  was  thought,  how- 
ever, that  the  action  of  the  Government  should  be  shajied  in  certain  re- 
spects towards  the  use  of  the  metric  system.  It  is  in  use  now  in  certain 
public  works  of  our  country,  a«  has  been  remarked,  and  might  be  more 
generally  introduced  in  such.  It  should  be  used  to  some  extent  in  the 
Custom  Houses  in  levying  duties  upon  invoices  expressed  in  metric 
units,  where  now  a  great  amount  of  clerical  work  is  done,  to  convert  such 
invoices  into  American  measures,  while  at  the  same  time  it  would  be  en- 
tirely out  of  i)lace  to  require  the  use  of  the  metric  system  for  invoices 
from  Great  Britain.  Let  it  be  employed  in  all  cases  where  it  is  prefer- 
able to  the  usual  system.  Metric  measures  are  legal  ;  the  law  is  already 
made  ;  it  only  required  adoption  in  common  use.  The  place  the  friends 
of  the  cause  will  find  it  useful  to  seek  legislation,  is  at  home,  in  their  own 
States,  where  thej'  have  influence  with  the  Legislatures,  to  the  end  that 
the  metric  system  may  be  taught  in  the  schools.  There  is  where  we 
must  begin.  It  was  never  a  habit  of  the  Anglo-Saxons  or  of  the  Americans 
to  make  laws  in  order  to  create  customs  ;  we  always  have  the  customs 
first,  then  make  the  laws  to  conform — hence  make  this  a  custom. 

Mk.  Hekschel. — I  would  ask  the  gentleman,  Avhether  he  favors  or 
opposes  the  resolutions  ? 
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Mr.  HiLOARD. — It  would  bo  difficult  tt)  dissent  from  either  of  tlie  reso- 
lutions offered  ;  the  second  i>ne  I  could  vote  for  readily.  I  should  also 
be  inclined  to  vote  for  the  tirst,  but  for  my  official  position  as  Warden  of 
the  Standards,  which  imposes  ui)on  me  a  certain  reserve. 

Mr.  TnJiODORK  G.  Ellis. — The  subject  of  this  resolution  embraces  a 
very  large  field  for  disc-ussit)n.  and  I  do  not  feel  that  justice  could  be 
<loue  to  it  in  the  very  brief  and  limited  space  of  time  that  can  possibly  be 
given  to  it  in  this  Convention.  The  paper  by  the  committee  of  the  Bos- 
ton Society  of  Civil  Engineers,  presented  to  the  Society  for  its  action, 
recommending  the  adoi)tion  of  the  metrical  standards,  seemed  to  me  to  be 
a  very  fair  presentation  of  the  subject,  and  on  the  first  glance  the  adop- 
tion of  the  French  measures  would  appear  to  be  a  great  benefit.  That  a 
change  from  our  pre&eut  ccunplicated  system  of  weights  and  measures  is 
desirable  cannot  be  doubted;  but  Avhaf  that  change  shall  be,  opens  a  ques- 
tion that  is  not  so  easily  disposed  of. 

The  advantages  jjossessed  by  the  metrical  system  are  :  it  is  a  purely 
decimal  system,  and  it  is,  at  the  present  time,  the  legal  standard  of  more 
than  twenty  different  countries.  There  are  some  other  minor  advantages 
claimed  by  its  advocates,  which  I  will  leave  them  to  set  forth. 

Its  chief  disadvantages  are  :  it  has  not  yet,  with  all  the  advantages 
claimed  and  all  the  force  of  legal  enactments,  come  into  g^eral  use  in 
any  one  country  ;  its  unit  of  length  is  an  inconvenient  one.  There  are 
other  inconveniences  resulting  from  the  length  and  subdivisions  of  the 
unit  that  will  be  named  hereafter. 

Is  a  purely  decimal  system  the  best  one  for  ordinary  use,  including 
all  the  daily  nses  for  weights  and  measures,  for  scientific  and  mechanical 
purposes  as  well  as  in  trade  ?  This  may  be  squarely  questioned  at  the 
outset ;  no  nation  or  class  of  i^eople  has  yet  adopted  it.  In  our  own 
country  Ave  point  to  our  coinage  as  a  decimal  system,  but  it  is  not  one  at 
all.  Our  system  has  practically  but  two  units, — dollars  and  cents;  the 
latter  of  which  is  one-hundredth  of  the  former.  Less  than  a  cent  is 
always  spoken  of  as  a  fraction  of  a  cent,  and  the  dollar  is  also  divided  into 
halves  and  quarters  in  the  transactions  of  common  life.  Although  we 
have  not  had  a  coin  representing  the  eighth  of  a  dollar  for  twenty 
years,  we  stiU.  see  "  12^  cents  a  yard"  in  the  shoi^  windows,  and  Adams' 
Express  Company  to  this  day  make  charges  in  eighths  of  a  dollar.  In 
the  United  States  coinage,  halves  and  quarters  have  always  been  used, 
and  I  do  not  know  of  a  20  or  a  30  cent  piece  ever  having  been  coined,* 


*  Since  the  above  was  written,  it  has  been  learned  that  a  few  20  cent  pieces  have  been 
•coined,  but  from  their  utter  uselessuess  have  never  come  into  general  circulatiou. 
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The  only  thing  '■  dcciinal "  about  our  money  is  the  ceuteuiiial  rela- 
tion of  tlie  dollar  and  cent,  which  allows  the  ordinary  arithmetical 
operations  to  be  performed  as  in  abstra(;t  numbers,  by  keei)ing  the  proper 
position  of  the  dividing  i^oint. 

In  France,  where  the  metrical  system  has  a  new  name  for  eveiy  ten 
lanits  of  the  lower  degree,  it  has  been  found  imi^ossible  to  force  the  sys- 
tem upon  the  common  people.  In  the  stores  in  Paris,  at  the  present 
day,  may  be  seen  everything  at  so  much  the  "half  kilo,"  and  the  "half 
kilo"  is  divided  into  halves  and  (juarters.  The  "half  kilo "' is  almost 
exactly  the  old  French  i:)Ound,  and  still  holds  the  affections  of  the  people. 
In  the  diy  goods  shops,  they  are  oliliged  to  measure  by  the  metre,  but 
when  the  customer  tells  him  how  much  is  wanted,  the  obliging  clerk 
makes  the  computation  in  common  fractions. 

I  ventiire  to  say  that  no  purely  decimal  system  ever  can  be  used  in 
common  life.  A  system  of  two  units,  something  like  our  dollars  and 
cents,  may  be,  however,  practicable. 

We  are,  however,  more  interested  in  the  question  in  a  scientific  point 
of  view  :  whether  it  is  better  for  us  to  continue  the  use  of  the  old 
measures  than  to  make  a  change  which  may  be  a  somewhat  better 
system,  but  not  by  any  means  the  best  that  can  be  devised.  The  fact 
that  in  manj  countries  all  the  scientific  works  will  refer  to  these  weights 
and  measures,  is  certainly  a  great  argument  ;  but  it  must  be  likewise 
borne  in  mind,  that  the  daily  use  of  an  inconvenient  system  would  be  a 
greater  evil  than  the  occasional  conversion  of  quantities  required  in 
reading  a  foreign  book.  With  the  engineer  all  quantities  are  "  decimal;" 
"we  measure  by  feet  and  decimals,  our  surfaces  are  measured  by  square 
feet  and  decimals,  and  our  solids  by  cubic  feet  and  decimals.  What, 
then,  do  we  gain  by  substituting  the  metre  for  our  unit  of  length  ? 
Nothing  but  the  additional  trouble  of  conversion  into  feet,  if  we  happen 
to  want  that  measure.  The  trouble  of  converting  into  gallons,  yards, 
inches,  or  any  other  measure,  would  also  be  greater,  if  it  were  required. 
The  foot,  therefore,  as  a  unit,  seems  to  offer  to  the  engineer  all  the 
advantages  of  decimal  notation  that  are  supposed  to  be  derived  from  the 
nse  of  the  metre.  The  only  possible  advantage  that  the  metrical  system 
has  over  the  foot  and  its  decimal  divisions  is  Avhere  we  want  to  know  the 
weight  of  a  certain  cubic  quantity  of  water,  or  rather  distilled  water,  at 
39°  Fahr.  temperature.  For  all  other  measiires  of  length,  surface,  capa- 
city or  weight,  the  foot  system  ax)pears  to  have  all.  the  advantages  of  the 
French  system. 
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In  this  connection  let  lis  for  a  moment  look  into  the  soientifip  ftccu- 
Tncy  of  the  French  system;  to  see  if  it  possesses  the  perfection  claimed 
for  it  l>y  its  admirers.  The  metre  was  originally  intended  to  be  the 
ton  millionth  part  of  the  (piadrant  of  a  great  circle  of  the  earth  on  the 
meridian  passing  throngh  Paris,  lint  on  account  of  erroneous  calculations, 
the  standards  constructed  proved  to  be  far  from  that  ideal  ;  so  that  the 
length  of  the  metre  was  declared  bylaw  to  be  a  certain  part  (44:3.296 
linos)  of  the  "  toise  de  Peron,"  and  a  platinum  bar  was  declared  to  be — at 
zero  centigrade— the  standard  metro.  This  bar  is  deposited  in  the  "  Con- 
servatoire des  Arts  et  Metiers"  at  Paris.  The  "litre,"  or  unit  of 
capacity,  was  originally  intended  to  be  the  volume  of  a  cubic  deci- 
metre, and  the  "gramme,"  or  unit  of  Aveight,  was  iutendeLl  to  be  the 
weight  of  a  cubic  centimetre  of  pure  water  at  its  temperature  of 
maximum  density — about  4-  Cent.,  equal  to  392^  Fahr, — weighed  in 
vacuo.  Owing,  however,  to  imperfections  of  workmanshiji,  and  the 
great  difficulty  of  determining  these  quantities,  the  standards  were 
finally  fixed  by  law,  making  a  certain  piece  of  platinum  the  standard 
kilogramme,  and  the  litre  to  be  a  kilogramme  of  water  at  the  standard 
temperature  of  4^  Cent. ,  and  barometer  at  760  Mm.  This  makes  the 
kilogramme,  one  120  000th  less  than  its  theoretical  value  and  the  litre, 
0.999  992  cubic  decimetre.  So  much  for  beautiful  theories  coming  down 
to  actual  masses  of  metal  like  the  British  standards.  Quite  a  number  of 
standard  metres  were  made,  and  some  of  them  fouud  their  way  to  this 
-country.  No  two  of  them  were  exactly  of  the  same  length,  and  being 
not  veiy  accurately  made,  and  all  measures  "abut,"  with  their  ends  not 
square  with  their  length,  we  never  knew  how  long  our  Coast  Survey 
metre  was,  until  our  standard  was  carried  over  in  1867  and  compared  with 
the  French  bar. 

One  of  the  chief  objections  to  the  metrical  system,  at  least  for  the 
use  of  engineers,  appears  to  me,  to  be  the  length  and  size  of  the  units. 
The  metre  is  too  long  for  a  single  measurement  to  be  laid  off  by  hand  at 
once.  No  multiple  of  it  is  convenient  for  the  length  of  a  measuring  pole 
or  leveling  rod,  and  no  multiple  is  convenient  for  the  length  of  a  chord 
inlaying  out  curves  by  angles.  Our  "foot  rule,"  our  "  10  feet  pole," 
and  our  "100  feet  chain,"  are  vastly  more  convenient  lengths,  and 
these  are  decimal  measures  which  no  convenient  numbers  of  metres  could 
be.  1  metre  is  too  long  for  a  rule  and  too  short  for  a  pole,  10  metres  is 
too  long  for  a  pole  and  too  short  for  a  chain,  and  100  metres  is  too  long 
for  anything.       The   litre  is  perhaps  a  convenient    quantity,    but   the 
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gramme  is  too  large  for  a  scientiftc  unit,  as  in  assaying  and  chemical  n.se^ 
and  too  small  for  commercial  i^urposes.  The  milligramme  being  the 
smallest  recognized  decimal,  we  almost  invariably  see  such  expressions 
as  one-tenth,  one-half,  one-fourth,  &c.  of  a  milligramme. 

The  progression  by  tens,  in  the  areas,  capacities  and  weights,  is 
also  a  great  objectitm  to  what  is  now  called  the  "metrical  system." 
The'  areas  should  Ix;  scjuares  of  the  units  of  length,  and  the  units  of  capa- 
city and  weight  should  be  based  upon  the  cvibes  of  the  same  measures.. 
The  units  should,  moreover,  bo  of  convenient  size  for  common  use,, 
which  is  not  the  case  with  the  metric  system. 

Another  chief  objection  to  the  introduction  of  the  metrical  measures 
is,  that  the  English  inch  has  become  the  standard  throughout  the  whole- 
civilized  world,  even  in  France,  for  all  the  nicer  mechanical  gauges  and 
measures.  In  the  great  machine-shops  of  this  country,  these  standards- 
cannot,  and  in  my  oj)inion  never  will,  be  supplanted.  It  is  too  late  for 
any  such  innovation. 

If  Ave  are  to  attempt  to  change  our  system  of  weights  and 
measures,  let  us  have  the  best  system  possible.  Let  the  change 
be  radical,  and  entirely  eradicate  all  objections  to  the  j^resent 
inconveniences.  Let  us  hear  no  more  of  degrees,  minutes  and 
seconds  ;  of  hours,  minutes  and  seconds.  Let  us  have  a  coinage  of 
weight  and  diameter  conforming  to  the  standard  adopted  and  that 
will  be  the  same  for  all  civilized  nations.  Although  the  French  measures 
may  be  thought  by  some  to  be  better  than  those  which  we  now  possess, 
it  is  hardly  worth  while  to  change  until  such  a  time  as  we  can  get  the 
best  possible  system,  and  arrange  to  have  a  common  standard  Arith 
Great  Britain,  the  most  important  foreign  country  to  us  who  speak  the 
same  language  and  read  the  same  books.  The  British  foot  and  inch 
have  such  a  held  upon  the  affections  of  all  who  speak  our  language,  that 
it  is  extremely  doubtful  whether  nwy  other  units  can  be  forced  into 
general  use. 

The  metrical  system  was  introduced  into  France  by  the  law  of  18 
Germinal  Year  III,  Avhieh  is  "  metric il  system,"  for  April  7th,  1796. 
The  metre  was  declared  to  be  "Vrai  et  defiuitif,"  in  179;),  and  the 
system  was  established  by  law,  November  2d,  1801.  July  4th,  1837,  the 
French  government,  finding  the  introdnction  of  the  metrical  system  a 
total  failure,  passed  a  very  stringent  law  making  the  use  of  the  new 
measures  obligatory  under  heavy  penalties,  to  take  (>ffect  January  1st, 
1840.     Now  we  .ill  know  whether  such  an  enfoi'conient  could  be  made  in 
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'tlio  Uniti'd  States.  If  wo  can  tind  a  system  that  is  superior  to  what  we 
havi<,  ami  the  use  of  wliieh  will  bo  more  conveuieut  thau  our  present 
measures,  it  might  be  adopted,  but  it  must  commend  itself  by  its  merits 
•or  it  will  not  be  used. 

The  use  of  the  metrical  system  was  legalized  in  the  United  States  on 
July  2(»th,  18G6  ;  now  there  is  nothing  to  prevent  the  admirers  of  this 
system  from  nsing  it  to  their  heart's  content — they  can  measure  by  it, 
compute  hj  it,  and  contract  hy  it,  without  let  or  hindrance,  and  with 
perfect  legality,  yet  how  many  have  done  this  ?  The  law  of  the  United 
.  States  likewise  ordered  that  the  Post  Oflfice  Department  should  regard 
15  grammes  as  the  half  ounce  standard  for  letter  postage,  and  ordered 
that  metrical  bjxlauccs  should  be  distributed  to  the  difterent  offices,  yet 
no  notice  was  taken  of  this  by  the  Post  Office  Department. 

It  is  very  difficult  to  see  what  the  advocates  of  this  system  expect  to 
gain  by  making  the  metre  the  only  legal  standard  at  some  distant  day. 
It  is  now-  three-quarters  of  a  century  since  it  became  the  legal  standard  of 
France,  yet  it  is  not  thoroughly  introduced  there  even  at  this  day  ;  if 
■  commenced  here  now,  there  is  a  long  and  dismal  time  of  confusion  to  look 
forward  to,  and  one  which  we  shall  never  live  to  see  completed. 

It  is  difficult  also  to  see  how  the  making  of  a  law  by  Congress,  estab- 
lishing the  new  standards,  will  help  those  who  wish  to  use  them.  Con- 
gress cannot  re-wiite  all  our  books,  tables,  and  foi'mulas,  which  are  now 
based  upon  the  foot  and  inch  ;  it  cannot  change  all  the  standards  and 
gauges  used  in  our  machine  shops  ;  10,  20,  30  threads  to  an  inch,  for 
instance,  would  be  no  even  parts  of  a  metre  ;  one-quarter,  one-half, 
three-quarters  inch,  &c. ,  would  have  no  common  measure  in  metres  ;  in 
fact  all  our  common  sizes  of  screws,  pipes,  iron  and  steel,  and  all 
our  gauges  and  standard  sizes,  would  require  to  be  altered.  The  im- 
mense labor  and  cost  of  this,  and  the  time  that  it  would  take  to  accom- 
plish the  change,  can  only  be  appreciated  by  practical  men  engaged  in 
mechanical  i?ursuits. 

To  all  intents  and  purposes  we  have  at  the  present  time  in  this  country 
as  complete  a  decimal  system  as  the  metric  system  would  give  us,  that  is, 
so  far  as  we  as  engineers  are  concerned.  The  foot  and  its  decimals  are 
invariably  used  by  civil  engineers,  and  the  inch  and  its  decimals  are  inva- 
riably used  in  our  machine  shops  ;  the  pound  and  its  decimals  is  our 
•common  weight.  Any  one  who  has  had  any  experience  w  ith  these  units 
iind  with  the  French  system,  knows  which  are  the  best  and  most  practical 
units.      The  incongruities   of  Troy  weight,  apothecaries'  weight,  avoir- 
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dupois  weight ;  miles,  furlongs,  acres,  roods  and  rods,  should  undoubt- 
edly be  at  once  abolished  by  a  stringent  law  making  their  use  illegal, 
and  our  liquid  measures  should  be  made  to  conform  to  the  foot  measure; 
but  these  changes  could  be  readily  and  easily  made,  and  would  be 
rapidly  adojited. 

That  a  reform  should  be  made  at  the  earliest  practical  time  in  our 
present  weights  and  measures,  is,  I  think,  evident  to  all ;  but  in  making 
the  change  we  want  the  best  system  that  we  can  have,  to  suit  all  the  wants 
of  the  community  ;  this  the  metrical  does  not  furnish.  In  my  ojiinion  we- 
should  assume  for  our  base  the  British  foot.  I  say  British  foot,  because- 
from  the  intermediate  comparison  through  the  metre  by  Mr.  Hassler  of 
the  Coast  Survey,  the  length  of  the  American  foot  is  somewhat  problem- 
atical, and  has  never,  I  believe,  been  fixed  by  law. 

In  the  establishment  of  the  system  of  any  weights  and  measures  there- 
is  one  point  of  sufficient  imi^ortance  not  to  be  overlooked.  This  is  the  facti 
that  although  a  decimal  system  is  the  most  convenient  for  computation, 
and  for  all  scientific  purposes,  it  is  not  readily  comprehended  by  the  com- 
mon people,  who  all  have  to  wrestle  with  groceries  and  provisions ;  they 
do  now  in  all  parts  of  the  world,  and  always  will,  subdivide  units  by  na- 
tural fractions.  This,  it  appears  to  me  should  be  taken  into  account  in  the- 
establishment  of  any  system  of  weights  and  measures.  It  is  very  unfor- 
tunate that  the  ancients  counted  their  thiimbs  in  establishing  the  base 
of  the  present  arithmetical  system  ;  if  they  had  only  left  them  out  and- 
counted  their  fingers,  what  a  vast  amount  of  trouble,  vexation  and  work 
woiild  have  been  saved  to  the  world.  In  addition  to  the  simplification  of  our 
arithmetic,  Ave  could  have  had  a  system  of  weights  and  measures  capable- 
of  continuous  sub-division,  with  the  fractions  all  represented  by  one- 
significant  figure  :  thus  the  fractions  :  .5,  .25,  .125,  .0G25  .03125,  .015625, 
kc,  from  I  to  ^V  would  be  represented  by  :  .4,  .2,  .1,  .Oi.  .02,  .01,  &c., 
the  base  would  have  been  a  perfect  cube  and  its  half  a  perfect  square. 

The  decimal  system  has  now  become  so  universal  that  perhaijs  its  use 
cannot  be  sujoerseded,  but  the  subject  is  worth  consideration.  I  think 
that  we  should  be  in  no  haste  to  recommend  the  adoption  of  the  metrical 
system,  because  we  can  have  a  better  one  without  varying  materially 
from  our  jiresent  standards,  and  there  is  no  good  reason  why  we  should, 
adopt  the  metrical  system,  except  that  it  is  now  used  by  many  other- 
countries,  an  argument  that  materially  loses  its  force  when  we  consider 
that,  with  the  exception  of  France  and  Germany,  it  makes  little  or  no- 
difference  what  standard  of  measures  tiiey  use,  and  even  these  countries^ 
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are  not  ulliecl  to  us  like  England  by  a  common  language  wliieh  renders 
its  printed  works  as  well  known  as  our  oAvn. 

If  an  international  commission,  composed  partly  of  engineers  and 
practical  as  well  as  educated  men,  instead  of  being  composed  entirely  of 
impractical  scientific  men,  professors  in  colleges  and  geodesists,  as  has 
generally  been  the  case,  could  be  ai^pointed  to  determine  this  matter,  I 
should  be  heartily  in  its  favor;  but  I  am  decidedly  opposed  to  any  action 
which  shall  inflict  upon  us  all  the  inconveniences  of  the  metric  system 
unless  it  becomes  fully  and  finally  determined  that  we  cannot  have  a 
better. 

Mb.  Robeet  Bmogs. — I  desire  only  to  say,  without  entering  into  the 
question  of  the  merits  of  the  metric  system,  or  the  propriety  of  voting 
upon  them,  or  of  admitting  them  and  voting  to  commit  the  Society  for  or 
against  the  immediate  or  prospective  adoption  of  the  system,  that  it  is 
better,  now  at  this  time,  to  go  no  further  than  to  refer  the  subject  to  the 
Society  for  discussion.  More  light  should  be  thrown  upon  it  to  allow 
some,  i^erhaps  many  of  us,  to  decide  how  to  vote.  It  is  unnecessary  t» 
call  for  a  letter  ballot  with  the  present  information  of  the  members  on 
the  merits  of  the  question,  or  with  the  present  interest  which  they  have 
in  the  result.  If  we  are  going  to  have  a  letter  ballot,  the  members  of  the 
entire  Society  should  be  educated,  instructed,  interested  generally,  so 
that  there  would  be  a  full  count  of  the  vote  from  those  who  understood 
distinctly  the  grounds  ujjon  which  they  will  have  voted. 

This  incomplete  discussion,  or  any  discussion  before  the  few  mem- 
l)ers  here  present,  would  be  a  very  unsatisfactory  showing  of  the  views  of 
many  of  our  members,  or  presentation  of  the  facts  of  the  case  however 
weU  reported,  upon  which  to  ask  the  ballot  vote  of  the  Society.  It  seems 
to  me  that  the  greatest  good  will  be  done  by  deferring  the  consideration. 
But  few  of  those  who  are  present  have,  I  think,  from  the  present  discus- 
sion come  to  understand  the  question  so  as  to  vote  ni^on  it  intelligently. 
It  had  better  lay  over. 

Mr.  Herschel. — I  fancy  thei-e  is  some  misapprehension  about  voting 
on  this  matter  by  letter  ballot.  It  seems  to  me  clearly  to  be  the  proj^er 
way.  The  discussions  can  be  printed  and  put  before  members,  and  the 
report  of  the  committee  may  then  be  made  ;  but  if  deemed  advisable,  the 
letter  ballot  may  be  deferred  for  six  months. 

Mr.  Briggs. — The  last  resolution  reads  that  the  Chair  appoint  a  com- 
mittee of  five  from  the  Society  to  send  a  memorial  to  Congress  in  further- 
ance of  the  metric  system.     Now,  if  we  desire  to  adopt  this  resolution. 
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-w'itli  or  without  letter  ballot,  but  without  further  discussion,  the  result 
■will  be  that  few  of  the  members  only  will  understaucl — or  voting,  they 
must  vote  without  understaudiug — the  subject  at  all. 

We  had  better  vote  down  the  resolution,  or  defer  it.  The  important 
qitestion  to  be  considered  is,  whether  it  is  proper  and  best  for  this  Society 
to  lay  before  its  members  the  reasons,  the  why  and  wherefore,  for  the  in- 
troduction of  the  metric  system.  This  discussion  we  have  had  here  ia 
wholly  insufficient.  I  have  myself  a  little  manuscript  of  possibly  GO  pages, 
which,  if  this  were  the  time  and  place,  I  should  like  to  offer  as  my  con- 
tribution. John  Quincy  Adams  said  of  the  metric  system,  fifty  years  ago, 
after  advocating  the  system  in  the  warmest  manner,  that  he  could  not  see 
why  it  should  not  be  adopted.  There  is  another  report  of  Prof.  Charles 
Da\is  upon  the  opposite  side,  while  Prof.  Barnard  takes  up  the  question 
w'ith  the  warmest  advocacy.  Now,  I  do  not  believe  that  the  members  of  this 
Society  generally,  especially  those  who  have  not  already  come  to  appre- 
ciate the  advantages  of  the  system,  know  of  even  the  existence  of  these 
reports,  much  less  of  their  tenor.  If  we  vote  for  this  resolution  for  the 
forcible,  or  immediate,  or  compulsory  introduction  of  the  metric  system, 
we  shall  have  made  the  great  mistake  of  risking  defeat  by  asking  a  vote 
on  the  wrong  gi'ounds. 

Mr.  Herschel. — The  resolution  does  not  propose  compulsory  action. 
It  does  not  say  so  at  all. 

Mi;.  BRituis. — The  inviting  the  action  of  Congress  implies  com- 
pulsion. But  even  taking  the  resolution  as  it  stands,  the  question  does 
not  seem  to  be  in  a  shape  to  be  voted  upon  intelligibly  by  the  Society  at 
large.  I  would  propose  that  the  resolution  be  voted  down,  when  I  would 
move  that  tlie  President  appoint  a  committee  of  five  to  report  tipou  the 
metric  .system  ;  I  make  this  proposition  solely  to  arrange  to  leave  the 
question  open,  and  do  not  wish  to  be  in  any  Avay  discourteous  to  the 
mover  of  the  resolution,  however  erroneous  in  construction  I  deemed  it. 


Errata.— On  page  317,  line  .">  h\>u\  the  bottom,  for  "fenders"  read 
fundus." 
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A  CHEAP  TRANSFER  TABLE. 

A  Paper  by  WrLtiAM  P.  Shinn,  C.  E.,  Member  of  the  Society.. 
Presented  Jutste  5th,  1876. 


Having  occasion  a  few  months  since  to  construct  a  transfer  table,  to 
be  used  in  connection  with  the  new  machine  shop  of  the  Alleghany 
Valley  Railroad  Co. ,  at  Verona,  I  conceived  the  idea  of  making  it  of  steel 
rails,  using  2  rails,  placed  base  to  base  and  riveted  together  to  form  the 
main  beam,  and  pieces  of  similar  rails  similarly  arranged  to  form  the 
cross-beams  or  trucks,  resting  on  the  axle  boxes  of  the  wheels,  upon 
which  the  table  moves.  The  plans  in  detail  were  prepared  by  Mr.  John 
C.  Lewis,  Engineer-in-Charge,  and  the  result  has  been  so  satisfactory 
that  I  have  thought  it  a  matter  of  suflScient  general  interest  to  present 
this  brief  description,  accompanied  by  drawings,  showing  the  details  of 
construction  of  the  table. 

The  main  beams  running  longitudinally  of  the  table,  are  each  composed 
of  2  steel  rails,  60  pounds  per  lineal  yard,  riveted  base  to  base,  forming 
a  beam  8  inches  liigh,  as  shown  in  the  section  and  end  view,  (Fig.  1, 
next  page),  the  top  rail  of  the  beam  being  used  for  the  engines  to  run 
upon,  thus  saving  the  cross  ties  and  the  additional  rails  ordiuai-ily 
placed  upon  the  table,  a  saving  not  only  desirable  in  point  of  expense, 
but  also  in  point  of  weight.     The  cross-beams  forming  the  trucks  are 
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made  of  steel  rails  of  the  same  weight  and  section,  riveted  together  in 
the  same  manner,  and  suspended  by  hangers  or  stirrups  of  one  inch 
roxmd  iron,  from  the  axle  boxes  of  the  wheels  upon  which  the  table  runs, 
as  shown  in  the  end  view. 

Fiff.  1. 


END     VIEW. 


SECTIIONl      TH  BO  UG  Hi     A . 

'    .    I    '    I  I  I  I  i  I  '     ■  I  '     r 

0  i  Z  3  4-  3  O  7  e  :ft. 

The  spans  between  the  truck-beams  are  braced  transversely  in  the 
center,  and  diagonally  by  iron  bars  2iX4  inches,  riveted  through  at 
their  point  of  intersection,  while  the  truck-beams  have  a  strut-brace  out- 
side of  the  longitudinal  beams,  on  each  side  of  each  truck-beam,  and  a 
longitudinal  brace  between  the  ends  of  the  truck-beams  ;  all  these  braces 
being  of  iron,  2-ix4  inches,  and  riveted  at  their  ends. 

The  spans  of  the  trucks  were  made  to  conform  to  track  walls  whicli 
had  been  previously  built,  and  which  were  6  feet  2  inches  from  center  to 
center,  having  the  spans  between  the  trucks  10  feet  7  inches  from  center 
to  center.  Had  the  track  walls  not  been  biiilt,  I  should  have  had  them 
spaced  equally,  making  the  sjDans  each  8  feet  from  center  to  center, 
which  would  have  aflforded  a  better  distribution  of  the  points  of  support. 

The  truck  wheels  are  26  inches  in  diameter,  and  the  axles  are  3  inches 
in  diameter,  having  2 1  inch-journals,  8  inches  long. 

The  weight  of  tlie  table  complete  is  as  follows  : 

Axles 2  0-22  pounds. 

Wheels 4  080 

Bearings,  brass log        " 

Rails,  Bteel 6  000 

Boxes 562        " 

Braces 1000 

14  072  iiounds. 
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The  cost,  as  shown  on  the  books  of  the  company,  was  S633.03 — as 
follows  : 

Axles,  (second  hand) $36  00 

Wheels    "           " lU  00 

Bearings,  let  quality  brass 48  00 

Steelrails,        "            : 179  86 

Boxes,  cast  iron 15  17 

Labor,  erecting,  fitting,  &c.,  complete 210  00 

$633  03 

The  rails  were  furnished  by  the  Edgar  Thomson  Steel  Co. ,  Limited, 
rolled  and  cut  for  the  main  beam  to  the  exact  length  required,  41  feet  8 
inches,  and  the  fitting  up  was  done  by  the  Keystone  Bridge  Co. 

The  first  engine  run  upon  the  table  was  a  WTecked  engine,  -weighing 
34 i  tons.  The  trucks  having  been  knocked  from  under  it  in  the  wreck, 
the  whole  weight  was  concenti'ated  on  the  two  drivers,  wliich  rested  on 
one  of  the  10  feet  7  inch  spans.  Under  this  weight,  the  deflection  was 
I  inch  on  the  span.  When  the  weight  was  placed  in  the  center  of  the 
truck  span,  the  deflection  was  less  than  i  inch,  and  both  spans  returned 
to  their  original  i^osition  upon  removal  of  the  weight.  Had  the  truck 
beams  been  spaced  equally,  it  is  probable  that  the  deflection  would  not 
have  exceeded  i  inch  under  the  concentrated  weight  of  the  engine 
referred  to. 

The  table  has  now  been  in  use  three  months,  and  has  given  entire 
eatisfaction. 

Should  there  be  any  difficulty  caused  by  undue  deflection  of  the  long 
spans,  it  can  be  remedied  by  introducing  a  truss  rod,  each  side  of  each 
truss  beam,  at  a  cost  not  exceeding  $40.  33  inch-wheels  would  have 
been  better  for  the  tracks,  than  the  2G  inch-wheels  used,  the  latter  haviug^ 
been  used  because  they  best  fitted  the  height  of  the  walls.  "With  the 
modifications  referred  to — that  is,  an  equal  spacing  of  the  track  walls, 
and  the  use  of  33  inch-wheels— this  plan  of  table  would  be  found,  I  think, 
to  be  the  most  economical  of  any  in  use. 


cxxx. 

EFFICIENCY  OF  STEAM  VACUUM  PUMPS. 

A  Tivpor  by  J.  Foster  Flaoo,  C.  E.,  Member  of  the  Society. 
Read  December  1st,  1875. 

The  object  of  the  present  paper  is  mainly  to  point  out  a  simple  method 
of  obtaining  the  efficiency  of  the  class  of  steam  pumps  upon  Savary's  old 
plan,  variously  denominated,  "  steam  vacuum  pumps,"  "  pulsometers," 
"aquometers,"  etc.,  and  at  the  same  time  to  show,  notwithstanding  the 
imperfection  of  the  data  given  of  the  experiments  upon  one  of  this  class, 
th(!>ir  groat  inferiority  in  economy  of  power  to  ordinary  piston  or  plunge 
pumps,  especially  for  great  lifts. 

The  experiments  were  hastily  impro%ised  near  the  close  of  the  Cincin- 
nati Exposition  of  the  present  year,  by  the  writer,  in  a  spare  interval 
between  more  important  tests  upon  which  he  was  engaged.  It  is  a  source 
of  special  regret,  that  no  experiments  were  made  with  a  low  lift,  say  of 
10  feet  above  the  pump.  After  working  up  the  data  taken,  an  eifort  was 
made  to  pursue  the  investigation  in  this  direction  ;  but  the  Exposition 
had  closed,  and  although  the  owners  of  the  pump  were  desirous  of  having 
further  tests  made  at  their  works  in  Cincinnati,  yet  as  they  could  not 
provide  simple  but  suitable  arrangements  as  were  necessary  for  the 
purpose,  the  idea  had  to  be  abandoned. 

The  motive  power  of  the  machinery  hall,  at  the  Cincinnati  Exposition, 
obtained  its  steam  mainly  fi'om  two  pairs  of  boilei's,  one  pair  being 
located  at  each  end  of  the  hall ;  they  were  connected  by  a  4-inch  steam 
pipe  well  protected  with  asbestos  cement. 

The  pump  experimented  upon  was  located  almost  exactly  midway  of 
the  length  of  the  steam  pipe,  thus  drawing  its  supply  of  steam  about 
equally  from  each  pair  of  boilers.  Its  water  was  drawn  directly  from  the 
canal,  at  the  Exposition  door,  through  a  8- inch  pipe,  155  feet  long,  with 
12  elbows  in  it,  the  lift  being  about  10.83  feet  from  surface  of  canal  to 
center  of  pressure  gauge. 

The  experiments  made  were  each  of  half  an  hour's  duration.  An 
assistant  was  posted  at  each  pair  of  boilers  to  take  the  steam  pressure, 
making  his  obsei-vations  at  five  minutes  interval ;  a  water  gauge  was 
attached  immediately  above  the  piimp,  and  the  cock  in  the  discharge  pipe 
partly  closed,  so  as  to  produce  the  requisite  pressure  upon  the  pump  cor- 
responding to  the  desired  lift  ;  the  pressure  indicated  by  this  gauge  was 
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also  noted  every  five  minutes,  and  the  temperature  of  the  effluent  water 
taken.  The  temperature  of  the  water  in  the  canal,  which  varied  but 
slightly,  was  also  taken.  These  constituted  all  the  requisite  data  for  the 
problem,  excepting  a  rough  estimate  of  discharge  for  calculating  the 
friction  in  the  long  suction  pipe,  and  the  quality  of  the  steam  for  obtain- 
ing which,  a  number  of  experiments  were  made  upon  each  pair  of  boilers* 
in  the  course  of  testing  some  automatic  engines  a  few  days  pre\dously, 
and  which  for  the  purjioses  of  this  experiment  was  assumed  to  be  the 
same  as  then  determined. 

The  results  obtained  would  doubtless  have  been  more  accurate,  could 
the  temperature  of  the  supply  water  in  suction  pipe  have  been  taken  close 
to  the  pump,  there  being  an  element  of  uncertainty  in  taking  it  at  such 
a  distance  as  it  was  necessary  to  do  in  this  case  ;  if  the  temperature  of 
the  water  were  much  incr'eased  in  flowing  this  distance,  the  apparent 
efficiency  of  the  pump  would  be  materially  less  than  the  actual  efficiency. 
The  pipe,  however,  was  laid  under  ground,  there  were  no  fires  in  the 
building  for  heating  purposes,  and  the  pump  was  run  for  some  time  be- 
fore the  experiments  were  commenced;  so  that  although  it  is  probable 
that  an  increased  efficiency  would  have  been  shown,  had  the  temperature 
been  taken  contiguous  to  the  pump,  the  difference,  in  the  writer's  opinion, 
would  not  have  been  very  great. 

Theoky. — The  following  formulfe  are  but  a  modification  of  that  for 
obtaining  the  quahty  of  steam  in  a  boiler,  the  novelty,  if  any,  being  in 
its  application  to  the  obtaining  of  the  efficiency  of  a  motive  power. 

The  increase  of  temperature  of  the  water  in  passing  through  the 
pump,  as  the  steam  used  is  entirely  condensed  in  this  water,  is  an  accurate 
measure  of  the  steam  consumed  per  unit  of  water  elevated  ;  and  the  lift 
being  known,  the  useful  efltect  obtained  from  each  unit  of  steam  can 
easily  be  calculated. 

Let  JV=  total  number  of  heat  units  imparted  to  100  pounds  of  water  by 
the  steam  used  in  elevating  it ; 

X  :=  pounds  of  dry  steam  consumed  in  doing  the  work  ; 

M  =  ratio  of  water  carried  over  from  boiler  with  steam, — whence 
u  X  =  total  water  thus  carried  over  ; 

L  =  latent  heat  of  the  steam  ; 

i  =  difierence  in  temperature  of  steam  and  of  water  passing  out  of 
pump  ; 

i/=  total  lift  of  water,  including  friction  in  suction  pipe,  and 

Ji  =  lift  above  pump. 

•  As  described  liy  I'rof.  U.  H.  Tliurston.     TraiiBactiDUH,  Vol.  Ill,  pag 
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TlitMi     tlu>    actual    units    of    hoat    consumed    in    iloing    the    work 
_     100  tl  ^r  ■^•  (1  +  »)  h  ; 
~  772 


JV=.r  (Z  -f-  /)  +  «  .r  / ^^2 

JV^  ,    100  H  +  .r  (1  +  u)  h  , 


(2.) 
(3.) 


so  that 


(4.) 
lave 

(5.) 


•^  ~  r  +  t  (1  -t-  ")    ^  772  1 L  +  i  (1  -h  u)]   ' 

_  772  iV^ +100/7 . 

■'■  ^  772  L  -j- (14-  w)  (772  i  +  hj ' 
bnt  the  last  tm-ui  of  Eq.  2  is  so  small  that  it  may  ordinarily  be  omitted, 

_  ^ 

•'-  7.  +  ;(l  +  „)'" 
For  pounds  of  steam  required  jicr  horse  power  per  hour,  we  have 
1  980  OOP 
^  ~  100  77+.^  (1+  a)  J//"' 
Assuming  an  evaporation  of  9  pounds  of  stenm  to  1  pound  of  water, 
we  have  for  coal  rc^quircxl  jjer  horse  power  per  hoiir — 

_  220  000  .  ,g  . 

100H  +  x{l  +  ii)  h'  ^  '' 

and  for  duty  of  100  pounds  of  coal 

D  =  000[100  7/'  +  .r  (1  +  u)  h]  ^^_^ 

x 
If  the  pump  is  a  moderately  efficient  one,  .c  (1  -f  u)  h,  may  be  omitted 
in  the  above  formuhe,  giving  us  more  simjily. 


ExpERTiiENTS. — The  water   gauge   used   was   one   of  Ashcroft's,   the 
thermometer,  a  standai'd  one  of  James  Green's. 

First  Experiment.  October  8th,  1875. 


A.  M. 

h.  in. 
11.45 

50 

5^ 

12.0 
p.  M. 

12.  U5 

10 
15 


]   Tempera- 
1       tcre. 
Effluent 
Water. 


Average , 


PKEfiSDRE. 

CoiLEK  Pressure. 

Water 

Gauge. 

East. 

West. 

38 

75 

76 

36 

76 

76 

35 

74 

"      1 

32 

71 

G7           l| 

31 

G6 

«           1 

35 

67 

68          ' 

40 

75 

74          1 

j 

35.29 

72 

71.71 

Average  boiler  pressure,  71.85 
pounds;  temperature  of  water 
in  canal,  60=;  barometer,  29.5 
inches;  weight  of  water  at  87° 
temperature,  62.122  pounds 
per  cubic  foot ;  and  water 
gauge  pressure,  in  feet  of 
water,  81.81  feet. 
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Second  Experiment,  October  8th,  1875. 


Time. 

Tempera- 
tube. 
Effluent 
Water. 

Pressure. 
Water 
Gauge. 

Boiler  Pressure. 

Average  boiler  pressure.  56.71 
pounds;  temperature  of  water 
in  canal,  61°. 5;  weiglit  of  vrater 

East. 

West.     1 

p.  M. 
h.  m. 
2.50 

73" 

15 

57 

51 

pounds ;  and  water  gauge  prea. 
sure  in   feet   of    water,   37.68 

55 

73 

15 

59 

51.5 

feet. 

3.00 

73 

15 

57.5 

50.5 

05 

73 

15 

57 

50 

10 

73 

17 

61 

53 

15 

73 

18 

64 

57.5 

1 

20 

73.5 

19 

65 

60 

Average 

73.07 

16.29. 

60.07 

53.36 

The  calorimeter  test  gave  for  every  100  pounds  of  wet  steam — for 
east  boilers,  78.4,  and  for  west  boilers,  81.5  pounds  of  dry  steam  ; 
the  average  being  80  pounds  of  dry  steam,  giving  for  m  the  value,  0.25. 

The  steam  drawn  to  obtain  the  above  was  taken  from  the  pities  near 
the  engines,  at  some  distance  from  the  boilers. 

From  a  careful  comparison  of  steam  gauges  located  close  to  the  steam 
chests  of  neighboring  engines,  with  the  boiler  gauges,  an  allowance  of 
0  pounds  was  made  as  the  proper  difference  of  the  pressure  of  steam  at 
the  boilers  and  at  the  pump.* 

Eesults.  Fikst  experiment. — The  delivery  of  water  was  roughly 
measured  in  the  second  exjjeriment,  for  the  purpose  of  obtaining  the 
friction  in  the  long  suction  pipe,  but  it  was  overlooked  in  this  ex- 
periment. The  pump  was  working  very  slowly,  owing  to  the  load  im- 
posed upon  it,  and  the  velocity  in  sucticm  pipe  was  estimated,  judging 
from  the  measured  velocity  in  the  second  experiment,  at  1  foot  per 
second  ;  this  would  give  a  head  due  to  fric-tion  of  0.3()  feet. 

We  then  have  the  following  elements  for  substitution  in  the  formuUc  : 
N  =  100  >;  20.93  =  2  Gi)3  ;  L  (at  pressure  of  65.85)  =  894°  ; 
H  =  81.81  +  10.83  +  0.3G  =  93  ;  t  ^  312.28  -  8(5.93  =  225.35-  ; 
/<  =  82.81;  ?<  =  0.25  :  from  Eq.  2,  .-r  =  2.3  pounds  (the  last  term  of 
this  equation  adds  but  0.01  pounds  to  the  value  of  .^•)  ;  and  from  Eq"s  5, 
(5  and  7,  the  (piality  of  steam  per  horse  power  per  hour,  =477.5  pounds  ; 
the  coal  per  horse  power  per  hour,  =  53. (K!  i)()uu(ls  ;  and  the  duty  of 
100  pounds  of  coal,  =  3  732  260  feet  pounds. 


*  An  error  of  10  pounds  in  steam  p.re88ure  would  only  atfeut  the  calculation  of  the  amount 
of  steam  used,  about  0.5  per  cent. 
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Eksit^ts.  Six'ONi")  EXPEiUMENT. — As  ubove  staled,  the  diseliiirgo  was 
roughly  measured,  giving  a  velocity  in  suction  of  1.51  feet  per  second, 
and  a  resulting  head,  due  to  friction  of  pipe  and  bends,  of  0.75  feet. 

"Wo  then  have  the  following  data:  iV  =  100  x  11.57  =  11.57; 
L  (at  pressure  of  50.71)  =  904.2o  ;  //=  37.68+10.83  +  0.75  =  49.2C  ; 
/  =  298.17  -  73.07  =  225.1--;  h  =  38.08,  u  =  0.25:  from  Eq.  2; 
.T  =  0.9S1  pounds  (the  second  term  adding  0.005  pounds)  ;  and  from 
E(i's  5,  ()  and  7,  the  cpiantity  of  steam  per  horse  power  i)er  hour,  =  390.7 
pounds  ;  the  coal  per  horse  power  per  hour,  =  43.41  pounds  ;  and  the 
duty  of  100  pounds  of  coal,  =  4  501  200  feet  pounds. 

The  radiation  of  heat  from  the  pump  chambers  is  comparatively  small, 
and  has  been  neglected  ;  it  is  partly  offset,  at  least,  by  a  similar  radiation 
from  the  small  unproteete  I  steam  pipe  connecting  the  pumi)  with  the 
main  i)ipe. 

The  heavy  loads  imposed  upon  the  pump  in  both  experiments  caused 
it  to  work  so  slowly  that  much  more  steam  was  undoubtedly  condensed 
while  the  water  was  being  forced  from  the  chambers,  than  would  l)e  the 
case  with  a  low  lift  and  rapid  movement  of  the  jjump.  Moreover,  the 
greater  the  vertical  suction  given  to  the  pump,  provided  it  be  not  so 
great  as  to  impair  the  jirompt  movement  of  the  water  into  the  chambers, 
the  greater  will  be  the  efficiency  shown,  as  this  lift  is  obtained  entirely 
by  the  condensation  of  the  steam. 

An  experiment  therefore,  made  with  the  muximum  profitable  height 
of  suction,  with  a  low  lift  above  the  pump,  not  exceeding  s;iy  10  feet, 
and  with  the  water  drawn  from  a  reservoir  directly  underneath,  so  that 
its  temperature  entering  the  jjumj)  cm  be  known  with  certainty,  would 
undoubtedly  give  a  much  greater  efficiency  ;  and  using  a  thermometer 
Avith  a  small  range,  but  with  large  ilivisious  on  the  scale,  so  that  small 
fractions  of  a  degree  can  be  estimated  with  accuracy,  this  method  will 
give  a  close  approximation  to  the  true  economic  value  of  one  of  these 
pumps. 

These  experiments,  imperfect  as  they  are,  will  show  at  least  the 
probably  very  low  duty  of  this  pump  for  any  height  of  lift,  and  a  rapid 
decrease  therein  for  high  pressures. 

Since  waiting  the  above,*  the  author,  through  the  kindness  of  Charles 
Latimer,  Esq.,  the  Chief  Engineer  of  the  Atlantic  &  Great  Western 
R.  R.,  has  had  the  opportunity  of  making  farther  experiments  upon  a 
pump  of  this  cla.ss,  of  a  different  and  well-known  make,  used  for  supply- 
ing the  tank  at  a  water  station  on  the  line  of  that  railroad. 

*  November  Ist,  1675.     The  loUowiug  was  writti  n  December  31st,  1875. 
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Most  of  the  firtnimstances  were  favorable  for  obtainiug  accurate 
results,  thougli  perhaps  uot  so  for  the  greatest  economy  of  which  the 
pump  is  capable  ;  the  condition,  however,  of  ordinary  service,  in  this 
class  of  work,  would  not  indicate  a  higher  duty  than  is  here  obtained. 

The  boiler  and  pump  were  located  near  the  well,  in  a  l)rick  house 
built  exjiressly  for  their  accommodation.  The  suction  pipe  was  only  24 
feet  long,  and  but  15  inches  of  its  length  was  exposed  (close  to  the  floor) 
iu  the  pump  room.  The  suction  lift  (including  friction)  in  the  first 
experiment  was  7.97  feet,  and  in  the  others  nearly  the  same.  The  tem- 
perature of  the  external  air  was  not  very  different  from  that  of  the  water, 
although  the  pipe  being  Avell  nnder  ground  it  would  not  be  affected  by 
considerable  difference  therein,  and  it  is  certain  that  the  temjierature  of 
the  water  as  it  entered  the  pump  was  practically  the  same  as  in  the  well. 
The  delivery  pipe  was  211  feet  long,  rising  to  the  top  of  the  tank,  so 
that  the  height  pumped  was  constant.  The  steam  pipe  leading  from  the 
boiler  to  pump  was  an  inch  in  diameter,  and  about  13  feet  long,  and  the 
pipe  to  calorimeter  nearly  the  same  length  ;  so  that  the  quality  of  steam, 
as  delivered  to  pump  and  caloi'imeter,  must  have  been  nearly  the  same. 

A  cock  was  put  in  immediately  above  the  pump,  so  that  a  small  quan- 
tity of  water  could  be  quickly  drawn,  and  its  temperature  noted. 

Observations  were  taken  once  in  five  minutes  for  half  an  hour,  the 
pump  having  previously  detained  its  regimen,  and  a  calorimeter  test  was 
made  at  the  beginniiig  and  end  of  the  run.     The  results  were  as  follows  : 
First  Experiment,  December  8rn,  1875. 

Total  lift  from  well  to  tank  (including  friction) 44 .  58  feet. 

"      pump     "  "  "         3G.61    " 

Average  temperature  of  water  in  well 40.6'* 

"  '•■  '■         above  pump 50.93=" 

"        steam  pressure  in  boiler  (quite  uniform) 00    pounds. 

"        strokes  (single)  of  pump  per  minute 51.8 

"        quality  of  steam  (calorimeter)  08  per  cent, 

Coal  per  horse  power  per  hour 40.2  pounds. 

The  pump  was  run  as  rapidly  as  possible  and  have  it  work  steadily, 
the  throttle  having  to  be  partly  closed,  owing  to  the  pressure  of  steam. 

The  writer,  thinking  it  j^ossible  that  more  economy  might  be  obtained 
by  working  steam  jit  a  lower  pressure  with  an  open  throttle,  the  experi- 
ments were  repeated  at  a  subsequent  date,  two  tests  being  made,  also  of 
half  an  hour's  duration  each,  the  intention  being  to  have  the  jiressure  at 
about  20  pounds  during  the  first,  and  at  about  41  pounds  during  the 
second  experiment,  at  which  latter  pressure  the  pump  would  have  had 
about  its  maximum  speed  as  on  tli(>  ju-i-vious  day.  The  throttle  valve  was 
constantly  kej^t  wide  open  during  both  t.'sts. 
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Sf.cond  and  Third  Expeiumknt,  Dkchmheu  23d,  ISTS. 

Second.  Third. 

Total  lift  from  well  to  t:mk  (iiu-hiaiiiR  friction) 40.28  feet.  44.16  feet. 

inimp    ••  "  "         32.83     "  36.18     " 

Av.-mnc  tcniiiorutnri"  of  wator  in  well 47.5"  47.43" 

"  '•  "        "      Hl)()ve  pump .'>(). 14*  57.23' 

"  "    exiernal  air .51.5°  50". 

"         steam  pressure  in  boiler 20.8  pounds.  38. f>  pounds. 

"         strokes  (single)  of  pump  per  minute 33.4  50.14 

Quality  of  steam  (calorimeter) 81  per  cent.  88  per  cent. 

Coal  per  horse  power  per  hour 39.78  pounds.  41.83  pounds. 

Remarks.— The  boiler  was  many  times  larger  than  needed  for  the 
^vork,  and  the  fire  consocinontly  had  to  be  kept  very  low  ;  moreover,  the 
boiler  was  not  supjilied  by  an  ordinary  feed  pump,  but  from  a  tank 
above,  from  whieh  the  water  was  periodically  drawn  by  the  fireman, 
steam  being  admitted  from  the  boiler  to  the  tank  to  equalize  the  pressure 
and  allow  the  water  to  run  in  by  gravity.  The  contrivance  was  crude, 
and  a  large  amount  of  water  was  let  in  at  once,  at  infrequent  intervals. 

The  boiler  was  fed  in  this  way  during  the  first  and  second  experi- 
ments, but  not  during  the  third,  the  result  giving  for  the  first  two,  a 
much  lower  calorimeter  jDer  cent,  at  the  end  of  the  run  than  at  the  begin- 
ning, and  a  considerably  lower  average  than  for  the  third.  This,  more- 
over, throws  an  uncertainty  on  the  correctness  of  the  calorimeter  results. 
So  although  the  results  as  a  whole  are  probably  very  near  the  truth, — since 
a  variation  of  16  per  cent,  in  quality  of  steam  only  varies  the  result  about 
1^  pounds  of  coal  to  the  horse  power, — yet  they  are  not  sufficiently 
correct  to  judge  at  which  pressure  the  pump  is  run  most  economically, 
farther  than  that  proliably  there  is  but  little  difference  at  the  different 
pressures  tried. 

As  before  stated,  a  higher  suction  and  lower  lift  might  give  a  little 
better  results  ;  but  with  lifts  similar  to  those  tried  in  these  experiments, 
a  consumption  much  less  than  40  pounds  of  coal  to  the  horse  power  can 
hardly  be  expected. 
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PRINCIPLES  OF  TIDAL  HARBOR  IMPROVEMENT 

AS  APPLIED  AT  WILMINGTON,  CAL. 

A  Puj^er  by  Clinton  B.  Sears,  Corps  Engineers  U.  S.  A. 

Member  of  the  Society. 

Eeai)  September  6th  and  20th,  1876. 

An  eminent  civil  engineer,  DaNid  Stevenson,  referring  to  river  and 
liarbor  works,  remarks  :  ' '  We  must  express  our  regret  tliat  altliougli  we 
have  many  treatises  esi^ounding  the  principles  of  engineering,  neverthe- 
less the  engineers  of  the  present  day  have  given  comparatively  few 
accounts  of  the  effects  that  have  followed  the  application  of  these  prin- 
ciples in  particular  cases." 

The  oljjecfc  of  this  pai)er  is  to  bring  together  in  concise  shape,  those 
leading  i^rinciples  of  tidal  liarbor  improvement  and  those  only,  Avhich 
iave  received  the  sanction  of  acknowledged  authorities  ;  to  show  how  they 
have  been  applied  in  a  particular  case,  and  the  resultant  effects.  These 
principles  are  accej^ted  without  discussion,  personal  experiment  and  ob- 
servation having  satisfied  me  that  they  are  essentially  correct. 

liy  a  tidal  harl)or  is  meant  a  bay  or  estuary  whose  shore  lines  are  suf- 
ficiently restricted  to  convert  the  ocean  tidal  wave  into  one  of  translation, 
thus  producing  Avhat  are  known  as  tidal  currents,  and  the  flow  and  ebb  of 
which  alone  can  be  depended  on  by  jn'oper  treatment,  to  keep  open  the 
■channel  within,  and  the  bar  (if  there  be  one)  at  the  mouth.  Tliis  elimi- 
nates from  the  problem  all  action  of  fresh  Avater  streams,  and  thus  gets 
rid  of  an  element  very  effective  for  good  or  for  evil  ;  the  former  obtain- 
ing by  the  utilization  of  a  strong  and  steady  current  always  flowing  in 
one  direction  ;  the  latt^T  pri'doiuiiiating  when  such  current  brings  with 
it  masses  of  s.'dinunit.  whose  proper  disposition  becomes  a  matter  of 
great  care  and  expense. 

The  most  perfect  type  of  a  tidal  harbor  is  one  in  which  the  waterway 
sections  decrease  gradually  from  tlic  sea  inland,  and  then  expand  into  a 
basin  of  large  comparativi'  area,  thus  forming  a  reservoir  for  the  tempo- 
rary storagt!  of  the  high  tides.  An  example  of  this  we  have  in  the  tidal 
estuary  at  Wilmington,  Calift)rnia  ;  (Plate  I)  ;  the  small  map  shows  the 
high  water  area  and  the  country  in  the  vicinity,  while  the  large  chart 
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indicates  tlii'  low   water   eharaeteristies  of  the   seaward    iiortion  of  tliisi 
estuary. 

In  any  large  oiH>ration  for  iin])roving  a  harbor,  too  inueli  stress  cannot 
V)e  laid  ui^on  the  importance  of  making  an  exhaustive  and  accurate  exam- 
ination of  the  harbor  and  its  conditions,  as  a  preliminary  step  ;  in  some 
cases  as  much  as  two  per  cent,  of  the  ultimate  cost  of  the  improvement 
can  be  expended  to  advantage  in  such  examination,  and  not  only  money 
but  time  should  be  amply  taken  for  its  accomplishment.  "The  design- 
ing of  harbors  constitutes  confessedly  one  of  the  most  difficult  branches 
of  civil  engineering,"  and  therefore  the  engineer  must  avail  himself  of 
his  own  past  experience  and  that  of  others  to  enable  him  "  to  institute  a 
comparison  between  the  given  locality  and  some  other  locality  "  whose  con- 
ditions are  well  known  and  whose  treatment  has  been  successful.  Such  a 
comparison  requires  a  careful  topogi'aphical  survey  of  the  new  work,  for 
area,  shape,  &c.  ;  a  thorough  hydrographic  survey,  with  numerous  and 
carefully  plotted  soundings  reduced  to  the  datum  i^lane, — in  the  United 
States,  that  of  3/.  L.  W.  (mean  low  water) — and  which  wiU  give  a  reliable 
configuration  of  the  bottom,  and  a  consequent  close  calculation  of  sec- 
tional areas  ;  borings  sufficient  in  number  and  penetration  to  show  the 
constitution  of  the  sub-strata  ;  an  examination  of  the  general  geological 
conditions  suflScient  in  extent  to  determine  the  manner  of  the  original  for- 
mation of  the  harbor  ;  and  last,  but  as  important  as  any,  a  clear  determi- 
nation of  the  local  action  of  the  tide  ;  its  maximum  and  minimum  range  ; 
high  and  low  water  areas  of  spring  and  neap  ;  velocities,  surface  and  sub 
for  different  stages  and  jilaces  ;  volumes  of  tidal  prisms  ;  amount  of  tidal 
incharge  and  discharge;  direction  of  flood  and  ebb  currents,  both  in  and 
outside  the  harbor  ;  and  a  theoretical  inquiry  into  the  jjrobable  effects 
of  the  intei-vention  of  any  artificial  obstacles  in  the  paths  of  these  currents. 
For  extended  works  in  a  large  harbor,  a  year's  time  may  be  consumed 
profitably  in  a  study  of  the  tides,  the  other  surveys  being  carried  on  at 
the  same  time.  The  general  tidal  characteristics  of  the  open  ocean  are 
the  results  of  well-known  natural  laws,  and  can  be  predicted  with  cer- 
tainty; but  when  modified  by  depth,  restricted  shore  limits  and  contracted 
area,  it  becomes  necessary  to  give  the  tides  special  local  study,  and  this 
should  extend  through  a  series  of  lunations.* 

♦  To  the  eugineer,  desirous  of  studying  in  detail  the  subject  of  tides  and  tidal  phenomena, 
1  commend  the  exhaustive  work  of  Prof.  Ferrell,  in  the  Coast  Survey  Report  of  1874;  and 
for  a  general  study,  several  pamphlets  by  Prof.  Hilgard,  Asst.  Coast  Survey,  and  one  entitled 
Reclamation  of  Tidal  Lands  by  Prof.  Mitchell,  Asst.  Coast  Survey.  I  have  found  these  works 
of  great  value  to  me  in  practice. 
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Generally  three  tide  gauges  should  be  used  ;  one  near  the  open  sea, 
but  protected  from  wave  action,  one  near  the  middle,  and  one  at  the 
iijiper  end  of  the  harbor.  If  the  estuary  be  long,  narrow  and  tortuous, 
&  greater  number  of  gauges  will  be  necessary,  and  all  should  have  their 
zeros  referred  instrumentally  to  one  level.  For  observations  of  any  great 
extent,  self-registering  tide  gauges  will  be  found  to  be  more  economical 
and  reliable. 

When  the  improvement  includes  a  construction  exposed  to  the  action 
of  the  waves,  the  direction  of  its  axis  should  be  as  nearly  as  possible 
parallel  to  their  direction,  while  at  the  same  time  meeting  the  other  and 
paramount  conditions  required  of  it.  Even  a  slight  obliquity  will  greatly 
reduce  their  percussive  effect. 

If  there  be  several  entrances,  one  to  remain  open  and  the  others  to  be 
closed,  the  choice  should  be  the  one  that  conforms  most  nearly  with  the 
direction  of  the  i^revailing  fair  weather  winds,  that  sailing  vessels  may 
always  make  the  port  and  go  as  far  as  possible  inside  without  the  aid  of 
tugs,  and  at  the  same  time  be  exposed  as  little  as  possible  to  the  direct 
action  of  winter  storms,  which  tend  to  move  masses  of  sand  across  the 
entrance  and  form  a  bar — two  requisites  that  are  sometimes  hard  to 
reconcile.  The  entrance  should  be  of  tunnel  or  trumpet  mouth  shape, 
having  the  widest  high-water  section  seaward,  and  gradually  narrowing 
as  it  recedes  inland,  but  the  low- water  sectional  areas  should  contract  as 
little  as  possible,  and  any  artificial  work  to  close  an  entrance  and  shut 
oflf  the  sea  or  sand,  while  conforming  in  plan  to  this  requirement,  should 
also  follow  the  general  contour  of  the  work  or  shore  on  the  opposite  side. 

The  work  in  moving  material,  /.  e.,  the  scouring  power  of  water  in 
motion,  is  in  ratio  to  the  square  of  the  velocity,  therefore  for  the  moving 
force  we  must  depend  principally  upon  the  spring  rather  than  the  neap 
tides,  the  rise  and  fall  or  range  of  the  latter  and  the  resulting  velocities 
being  comparatively  small.  Spring  tides  rise  to  the  highest  and  fall  to 
the  lowest  points  ;  the  tidal  prism  has  its  greatest  range,  and  the  current 
velocities  are  relatively  very  high.  Of  the  flood  and  ebb  tides,  the  latter 
is  the  one  which  is  by  far  the  more  effective  in  scouring,  its  vis  viva  being 
from  six  to  eight  times  that  of  the  former  ;  the  spring  flood  starts  only 
from  a  high  low  neap  and  runs  to  extreme  high,  while  the  ebb  starting 
from  this  extreme  high  level,  falls  to  extreme  low  water,  i.  e. ,  the  flood 
rises,  say  from  -)-  2  to  +  7,  a  range  of  5  feet,  while  the  ebb  falls  from  -f  7 
to  —  1.5,  a  range  of  8.5  feet,  and  this  in  approximately  equal  intervals 
of  time. 
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The  flood  tide  attiiiiis  its  maximum  velocity  about  tlio  end  of  the  third 
quarter,  and  maintains  it  well  into  the  fourth,  its  tendency  being  dis- 
persive from  the  channel  shoreward,  spreading  over  the  higher  flats  and 
seeking  all  the  high  level  coves,  indentations  and  minor  estuaries  ;  and 
"  the  farther  up  the  tide  may  be  enticed,  the  more  iJowerful  will  be  the 
downward  flow  of  the  ebb."  The  maximum  ebb  tide  velocity  obtains  at 
the  beginning  of  tlie  third  quarter,  andtlie  current  retains  a  high  velocity 
till  near  the  end  of  the  fourth,  when  it  falls  off  quickly.  The  whole  ten- 
dency of  the  ebb  tide  is  concentrative  and  towai-ds  the  last,  every  i-ivulet, 
creek  and  estuary  in  the  tidal  basin  is  being  rajndly  drained  to  fill  the 
channel  near  the  entrance,  which  in  its  turn  is  seeking  the  rajjidly  reced- 
ing ocean  level  outside. 

These  relative  characteristics  of  the  flood  and  ebb  tides  indicate 
another  condition  to  be  observed  in  planning  works  for  the  entrance  of 
fi  tidal  harbor.  They  should  be  so  arranged  iu  plan  and  elevation,  that 
they  will  not  pond  back  or  retard  the  last  of  the  flood  tide,  thus  prevent- 
ing the  full  accumulation  of  water  in  the  tipper  and  higher  reaches  of 
the  tidal  basin,  but  alloAV  free  inflow,  while  at  the  same  time  they  will 
direct  the  last  of  the  ebb  tide  along  one  set  channel,  and  thus  take  ad- 
vantage of  the  best  of  its  working  force.  A  work  whose  top  level  is  bare 
at  half  tide,  will  as  a  rule  have  the  best  elevation  to  accomplish  this,  and 
in  plan  the  trumpet  shaped  or  converging  entrance  aids  the  flood  tide  in 
its  filling  action. 

In  any  system  of  training  walls  or  low  jetties  for  producing  a  scour  in 
the  channel  or  on  the  bar,  their  height  should  be  in  ratio  to  their  dis- 
tance from  the  entrance,  those  near  the  latter  being  the  lowest,  those 
most  interior  the  highest ;  this  insures  the  flood  tide  ready  flow,  afford- 
ing a  full  channel  and  full  upjjer  reservoir,  while  the  ebb  is  guided  and 
concentrated  for  doing  its  best  work  in  its  last  stages.  In  some  cases  it 
"wiU  be  necessary  to  modify  this  rule  by  the  precautionary  one,  that  great 
single  lengths  of  wall  should  go  with  low  altitudes,  and  the  converse  ;  as 
in  the  upper  reaches  of  an  estuary,  the  channel  may  be  narrower  than 
in  the  lower,  in  which  case  the  average  section  must  not  be  lessened. 
In  such  instapces  walls  should  be  used  only  at  the  wide  places,  so  as  to 
l^reserve  uniform  average  sections.  A  system  of  training  walls  wisely 
planned  can  be  made  very  effective  in  concentrating  the  currents  to  jjro- 
duce  scour  in  shoal  places,  but  if  badly  arranged  they  will  generally 
make  worse  the  channel  they  were  intended  to  make  better.  "  All  the 
conditions  of  the  hydraulic  system  of  a  harbor  must  be  carefully  iuvesti- 
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gated,  before  undertaking  to  make  any  change  in  its  natural  conditions." 
The  general  object  to  be  attained  is  to  concentrate  the  tidal  currents  on 
one  given  axial  line,  without  excluding  tidal  water  from  the  estuary. 

As  care  must  be  taken  not  to  lessen  the  tidal  influx  by  imdue  con- 
traction near  the  entrance,  equally  important  is  it  to  preserve  the  integ- 
rity of  the  tidal  reservoir  within.  "  An  estuary  having  a  bar  at  its 
mouth  or  shoals  along  its  channel,  will  receive  injury  if  its  tidal  influx 
be  reduced  by  encroachments  upon  its  basin,"  unless  corresponding  in- 
crement is  made  in  its  low  water  section,  to  compensate  for  the  reduction 
near  the  high  water  line.  "  The  low  water  sectional  areas  increase 
directly  as  the  volume  of  tide  water  that  lies  landward  of  each  section 
line.  The  importance  of  preserving  intact  the  cai^acities  of  the  upper 
portions  of  tidal  basins  should  be  a  matter  of  no  doi;bt  ;  for  though  it  is 
true  that  contraction  may  benefit  the  navigation  at  the  place  where  it 
exists,  the  effect  cannot  but  be  detrimental  to  the  lower  jiarts  of  the 
estuary  "  where  shoals  exist,  and  to  the  bar  at  the  entrance. 

In  building  a  training  wall,  it  should  be  put  down  as  nearly  as  possible 
simultaneously  throughout  its  length,  thus  avoiding  the  continuous  pot 
hole  liable  to  scour  out  at  the  free  end  and  which  will  maintain  itself  to 
the  final  termination,  thus  greatly  increasing  the  amount  of  material  for 
construction,  and  endangering  the  channel  below  by  shoaling  it  with  the 
matter  scoured  out ;  in  other  words,  a  given  volume  of  stone  brush,  «&c., 
in  a  jetty,  will  serve  its  purpose  better,  by  distribution  in  thin  horizontal 
layers  throughout  its  length,  no  layer  being  thicker  than  can  be  laid,  in 
one  "heat,"  /.  e.  during  slack  water,  than  if  deposited  in  vertical  or 
inclined  layers,  the  former  method  making  a  more  gradual  change  in  the 
hydraulic  conditions  of  the  channel  at  this  point.  Whether  a  series  of 
training  walls  should  be  built  simultaneously,  must  be  determined  some- 
what by  local  circumstances,  but  as  a  general  rule  they  should  be  built 
one  at  a  time,  beginning  inside  ;  this  gives  an  opportunity  to  study  their 
successive  effects,  and  guards  against  the  bad  results  liable  to  ensue  from 
the  sudden  and  violent  change  in  the  regimen  of  the  channel  incident  to 
a  simultaneous  construction. 

A  main  work  designed  wholly  or  partially  to  close  one  or  more  chan- 
nels or  water-ways,  and  where  it  lies  across  the  direction  of  natural  cur- 
rents, ought  not  to  be  begun  till  ample  provision  has  been  made  to  stop 
or  greatly  mitigate  the  effects  of  the  scour  at  the  head  of  the  work,  in 
case  it  be  founded  in  mud  or  sand.  There  should  be  i>rovided  for  this 
purpose  an  abundant  supply  of  broken  or  cobble  stones,  sand  bags,  brash,. 
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iVi'.,  togotlun-  witlismtahl.'  rafts  or  lii-Iit  draii-lit  lighters  for  transporting 
and  properly  depositing  them  against  the  work  at  its  head.  It  will  often 
be  neeessary  to  pn-pan^  the  line  for  some  distance  in  advance  of  the  main 
work,  by  sinking  a  strong  wide  mattress  of  brush  ;  this  distance  varying 
from  100  to  500  feet,  depending  upon  the  consistency  of  the  bottom  and 
the  velocity  of  the  cnrreuts.  This  precantion,  though  expensive,  will 
prove  a  great  economy  in  the  end.  If  the  work  be  of  close  piling,  a  strip 
along  the  axis  of  the  brush-mat,  equal  to  the  width  of  the  pile  work, 
should  be  kept  clear  of  stoue  ballast,  that  the  piles  may  be  driven  closely 
and  accurately.  If,  however,  the  pile-work  be  open  and  not  accurately 
spaced,  this  care  need  not  be  taken,  as  the  piles  can  be  readily  driven 
through  a  moderate  thickness  of  ordinary  sized  ballast.  I  have  known 
it  to  be  done  where  the  layer  of  stone  was  over  12  feet  thick,  and  that 
without  shoeing  or  even  pointing  the  piles.  In  close  pile  work,  however, 
a  single  cobble  stone  may  cause  a  pile  to  creep  off  or  split  at  the  bottom. 

Having  constracted  a  system  of  training  walls  to  guide  and  concen- 
trate the  cun-ents,  it  may  be  necessary  to  accelerate  the  scouring  by 
mechanical  means,  such  as  raking,  dredging  or  blasting. 

As  submai-ine  blasting  is  the  most  expensive  of  operations  it  should 
only  be  resorted  to  where  absolutely  necessary  ;  the  points  of  application 
should  be  selected  with  great  care  and  the  exercise  of  sound  judgment, 
so  that  the  new  hydraulic  conditions  due  to  the  system  of  training  walls 
may  not  throw  the  channel  anywhere  but  through  the  cut  blasted  out. 

Raking  Avith  a  heavy  iron  rake  or  iDlough  towed  by  or  attached  to  a 
steamer,  can  often  be  used  to  advantage  where  a  slight  increase  of  depth 
only  is  sought,  as  where  in  a  series  of  shoals  each  is  followed  by  a  pool  of 
deep  water  ;  or  on  a  broad  flat  bar,  a  furrow  may  be  started  along  the 
axis  of  a  proposed  channel,  such  fuiTow  to  be  widened  and  deepened  by 
the  natural  action  of  the  currents.  AU  raking  should  be  done  during 
spring  tides,  Avhen  the  velocities  are  greatest,  the  rake  being  kept  in  the 
thi-ead  of  the  current  and  back  and  forth  over  the  same  line,  as  a  narrow- 
deep  furrow  will  result  better  than  a  broad  shallow  one. 

In  laying  out  a  line  upon  which  to  di-edge,  its  selection  must  be  such 
as  to  insiu-e  its  coincidence  with  the  residtant  line  of  the  working  cur- 
rents ;  bends  should  be  cut  off  or  reduced  in  degree  only  when  there  is 
evident  necessity. 

The  depth  to  which  the  dredging  should  be  carried  will  depend 
mainly  upon  the  extent  of  the  improvement  contemplated,  and  this 
should  be  governed  by  the  effective  working  force  of  the  currents,  and 
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no  urtificuil  doi)th  ought  to  exceed  -what  this  force  may  be  relied  on  to 
maintain.  This  depth  can  generally  be  determined  by  the  low  water 
sectional  area  of  some  portion  of  the  natural  channel  through  which  the 
whole  force  of  the  tide  has  been  exerted,  the  conditions  being  the  same. 
If  onl}'  a  stated  sum  can  be  devoted  to  dredging,  it  will  be  better  to  ex- 
pend this  in  ojiening  a  deep  narroAV  channel,  than  one  wider  and  shoaler, 
trusting  to  the  currents  working  in  this  channel,  to  widen  it.  The  ve- 
locity of  tidal  currents  increases  directly  as  the  depth,  and  deiith  is  the 
great  objective,  as  upon  this  essentially  depends  the  amount  of  com- 
merce, high  authorities  now  agreeing  that  "the  capacities  for  tonnage 
of  diiTerent  channels  vary  as  the  cubes  of  their  depths." 

The  i^lace  of  deposit  for  dredged  material  requires  careful  attention. 
Only  under  excej)tional  circumstances,  should  it  be  deposited  inside  the 
harbor,  nor  on  the  outside  so  near  the  entrance  as  to  be  in  the  range  of 
possibility  of  being  driven  into  the  entrance  even  by  the  severest  storm. 

When  owiag  to  the  great  cost  of  long  towage  it  becomes  necessary  to 
deposit  inside  the  harbor,  the  reentrant  places  along  the  shore  line  will 
l)e  the  best,  and  jsreferably  those  as  far  as  possible  from  the  channel. 
The  material  should  be  distributed  so  as  not  to  reduce  below  the  average 
the  low  water  sectional  area  at  any  point ;  by  depositing  abreast  of  the 
point  where  excavated  this  will  generally  obtain,  and  can  often  be  done, 
as  the  shoal  places  occur  as  a  rule  where  the  widest  water-way  exists, 
and  it  is  at  such  i:)oints  that  dredging  is  most  often  necessary. 

Where  there  are  jetties,  the  deposit  can  be  made  with  safety  iii  the 
dead  angles  made  by  these  with  the  shore  line,  care  being  taken  to  keep 
the  top  of  the  dump  piles  below  the  top  level  of  the  jetties. 

Having  now  considered  some  of  the  most  important  principles  to  be 
observed  in  the  improvement  of  a  tidal  estuary,  where  the  currents  are 
utilized  to  effect  scour,  we  will  proceed  to  a  consideration  of  their  appli- 
cation at  Wilmington,  California. 

The  physical  characteristics  of  this  estuary  are  as  follows  :  (See 
small  map,  Plate  I).  At  no  distant  geological  period  the  ocean  extended 
far  inland  beyond  the  village  of  Wilmington  along  the  valley  of  the  San 
Gabriel,  now  a  very  insignificant  stream,  but  formerly  quite  a  large  river. 
The  gradual  emergence  of  the  land,  together  with  accretions  washed  down 
from  the  mountain  ranges,  has  pushed  back  tho  ocean  to  its  present  limits. 
The  bay  shown  on  the  maji,  is  a  series  of  flats  exposed  at  low  water  and 
consisting  of  mud  overlying  clay  and  in  spots,  hard  pan  and  beds  of  shells. 
To  the  east  of  the  bay  we  find  a  Tside  stretch  of  sandy  soil  elevated  but  a 
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low  t't'ft  !il>oV(>  luLili  MiitiT,  and  tcnuiinitrd  1)V  ii  range  of  l)luHs,  which 
latter  t>i\(l  a1>rii])tly  at  the  orean,  anl  have  in  the  past  extended  nnieh 
farther  seaward  than  at  present.  Denudation  and  erosion  by  the  sea  has 
been  going  on  iov  a  long  period  and  still  continues.  The  eomi)osition  is 
of  very  soft  friable  sandstone  overlaid  with  adobe  clay.  This  stone  is 
readily  and  finely  divided  by  the  waves  and  surf,  and  soon  becomes  a 
nniss  of  sand  subject  to  their  action  and  that  of  a  littoral  current  which 
here  sets  up  or  westwardlj',  along  the  coast.  Following  along  this  shore 
to  the  west  towards  San  Pedro,  is  a  stretch  of  hard  sand  beach  some  200 
feet  wide  at  low  water  and  about  5  miles  long ;  above  high  water  the 
sand  is  piled  into  dunes  by  wind  action,  and  has  an  average  width  of  500 
feet.  The  first  stretch  of  beach  west  of  the  bluffs,  ends  at  a  small  estuary 
some  200  feet  wide  at  high  and  about  30  feet  at  low  water,  where  the  depth 
is  but  a  few  inches.  This  inlet  makes  an  island  (called  Eattlesnake)  of 
the  rest  of  the  beach  to  the  west,  and  is  kept  open  by  the  water  of  the 
San  Gabriel,  which  at  low  tide  discharges  through  it.  It  shifts  about 
within  certain  limits  and  varies  slightly  in  depth,  but  is  kept  generally 
shoal  by  the  waves  breaking  directly  into  its  mouth,  driving  back  the 
sand  carried  out  and  throwing  in  some  of  that  drifting  west  from  the 
bluffs.  Only  a  small  portion  of  this  drift  stops  here,  the  mass  being  car- 
ried on  to  form  and  maintain  Eattlesnake  island,  some  2  miles  long,  which 
shuts  off  from  the  ocean  a  body  of  water  now  known  as  the  Wilmington 
estuary,  at  high  water  having  a  very  respectable  area. 

The  sand  thus  transported  by  the  surf  and  littoral  current  has  been 
thrown  above  high  water  level  by  the  waves  on  high  sjjring  tides  ;  the 
•wind  has  then  taken  hold  of  it  and  swirled  it  into  dunes,  and  has  also 
brought  with  it  the  seeds  of  a  peculiar  creej)ing  sand  plant.  This  sprouts 
very  soon  and  creates  a  small  wind  eddy  round  it,  which  aids  in  forming 
the  dunes,  and  both  grow  together,  the  plant  continually  putting  out 
fresh  shoots  ;  and  the  result  is,  that  the  island  is  covered  with  dunes,  some 
■of  them  15  feet  above  ocean  high  level,  and  these  are  clad  with  a  thick 
mass  of  gi-een  plants,  which  give  stability  to  the  surface. 

The  growth  of  the  island  westward  was  still  going  on  in  1871,  though 
very  slowly,  and  its  free  end  is  known  to  have  advanced  towards  Dead- 
man's  island  several  hundred  feet  in  the  last  50  years  ;  and  this  would 
probably  have  continued  till  the  creating  force — the  waves  and  surf— and 
the  eroding  force— the  tidal  cuxTents  round  the  west  end— should  be  in 
equilibrio,  a  point  they  had  almost  reached  at  the  time  the  United  States 
began  operations  in  1871. 
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The  hydraulic  oomlitious  of  the  estuary  are  these  :  inside  is  a  broad 
shallow  basin  -with  a  high  tidal  area  of  over  1  300  acres,  which  at  M.  L.  W. 
is  reduced  to  a  series  of  tortuous  shallow  channels,  the  largest  of  which, 
near  Wilmington  wharf  has  5  feet  at  3f.  L.  W.  in  mid-channel,  and  a  top 
width  of  less  than  150  feet.  This  channel  going  out  keeps  this  average 
low  water  Mddth  for  the  next  3  000  feet,  making  several  turns,  and  gra- 
dually deepens,  till  some  4  000  feet,  from  the  wharf  at  T),  (Plato  I,)  the  10 
feet  curve  begins  and  continues  out  to  the  bar,  the  maximum  depth  being 
20  feet.  At  T,  the  last  of  the  lateral  branches  joins  the  main  channel, 
making  at  C  G  a  tidal  gateway  through  which  flows  and  ebbs  the  whole- 
volume  of  the  tidal  prism.  This  concentration  of  tidal  energy  gives  on 
this  line  C  G  a  low  water  section  some  800  feet  wide,  with  a  maximum 
depth  of  nearly  20  feet.  At  X,  the  island,  Avhich  so  far  has  acted  as  a 
jetty  to  guide  the  tidal  ciirrents,  terminates,  and  ebb  tide  begins  to 
escape  seaward  over  the  l))-oad  flat  A'  I",  3  700  feet  -wide  and  awash  at 
low  water ;  the  greater  volume,  however,  from  the  impetus  received  in 
passing  C  G,  keeps  the  main  cliaunel,  hugging  that  bluff',  till  it  meets  a 
hard  pan  formation  at  F,  where  it  is  deflected  and  makes  its  way  to  the 
ocean  over  the  flat  Y  Z,  3  000  feet  wide,  and  not  more  than  4  feet  deep 
at  M.  L.  W.,  and  through  A  Z,  2  000  feet  wide,  with  a  maximum  depth 
of  7  feet.  From  about  C,  to  beyond  F,  is  the  widest  and  deepest  low- 
water  channel.  After  passing  F,  the  currents  spread  out  and  quickly 
lose  their  velocity.  This  broad  flat  shoal  area  A  i'"' FZ— having  not 
more  than  1. 5  feet  of  water  over  it  at  ]\r.  L.  W. ,  even  this  depth  being 
very  irregularly  distributed  and  presenting  no  well  defined  channel — 
constitutes  the  bar. 

From  X,  to  Y,  the  waves  have  for  years  been  rolling  in  the  sand, 
transported  along  the  shore  from  the  bluffs  to  the  east ;  this  sand  has 
been  carried  across  into  the  main  channel,  where  the  strong  ebb  tides 
have  seized  it  and  carried  it  out  and  dropped  it  over  the  area  A  Y  Z, 
thus  forming  a  drift-bar.  The  surplus  sand  not  lodging  here  has  beeix 
taken  beyond  the  line  XY  7j,  to  be  returned  again  over  the  same  path, 
on  the  first  occui-rence  of  a  high  spring  tide  coincident  with  a  storm  or 
heavy  swell.  This  action  being  continuous,  has  essentially  maintained 
the  physical  status  of  the  mouth  of  the  estuary  as  shown  on  Plate  I.  It  is 
possible  that  after  many  years,  if  left  to  natural  action,  Rattlesnake  island 
would  have  extended  to  Deadman's  island  ;  the  channel  within  gradually 
cutting  through  the  bar  or  pushing  it  bodily  outside  the  line  A  Z. 

This  t(>ndcncy  pointed  out  the  method  of  artificial  improvement  to  bo 
adopted,  the  object  being  to  secure  across  the  bar  as  deep  a  channel  as 
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tilt'  filial  curiviits  wonltl  keep  open  ;  tliis  method  elearly  nppcarccl  to  be 
to  hasten  the  natural  action  goinf;-  on  bj^  closing  the  water-way  A'  Y  Z, 
and  obliging  the  volume  of  water  hitherto  thus  escaping  seaward,  to  pass 
out  with  greatly  increased  velocity  directly  across  the  bar  and  through 
A  Z.  This  would  also  fence  oft"  the  sand  along  X  Y,  and  prevent  further 
deposit  on  the  bar,  and  the  artificial  work  along  the  line  X  Y  Z,  would 
become  the  nucleus  against  and  around  which  the  sand  could  accumulate 
and  form  a  durable  permanent  barrier. 

The  line  A  Z,  is  the  opening  bast  adapted  for  an  entrance  to  the 
harbor  ;  the  hardest  storms  come  from  the  south  east,  and  the  force  of 
the  waves  as  they  approach  the  mouth  is  broken  by  Deadman's  island, 
■which  makes  an  admirable  abutment  iiier  for  the  work,  and  as  they  roll 
in  directly  from  deep  water,  they  bring  little  or  no  sand  from  the  ocean 
"bed  to  block  or  shoal  the  entrance.  The  prevailing  fair  weather  breezes 
coming  from  the  west  and  south-west,  sailing  vessels  can  easily  make  the 
port  and  sail  well  inside  without  the  aid  of  tugs. 

Inside  the  section,  C  G,  (Plate  I),  the  channel  gives  off  numerous  mean- 
dering branches  of  very  small  low  water  sectional  area,  but  the  high 
■water  ai-ea,  as  said  before,  covers  over  1  300  acres.  The  average  sirring 
tide  rises  6.5  feet  above  31.  L.  W.,  and  falls  to  15  feet  below,  giving  an 
average  range  of  8  feet,  and  ranges  of  9  feet  in  the  tidal  prism  are  not 
tmknown.  The  general  level  of  the  flats  is  about  +  3  feet,  so  that  the 
average  clear  regular  tidal  prism  on  high  springs  is  about  3. 5  feet,  making 
a  volume  of  water  over  198  000  000  cubic  feet,  or  nearly  1  500  000  000 
gallons,  all  of  which  passes  out  through  the  tidal  gateway  C  G,  daily  on 
•every  course  of  spring  tides,  to  say  nothing  of  the  volume  of  the  irregular 
prism  of  tide  water  included  between  the  levels  +  3  feet  and  —  1.5  feet,  a 
range  of  4. 5  feet.  Through  the  tidal  gap  C  G,  the  average  maximum  surface 
velocity  is  4.4  feet  a  second,  or  3  miles  an  hour,  the  sub-velocity  somewhat 
greater  and  increasing  near  the  bottom,  the  low-water  sectional  area  be- 
ing about  8  000  square  feet.  This  velocity  is  maintained  till  well  beyond 
the  point  or  bend  at  F,  when  it  falls  off"  rapidly  to  2  and  over  the  bar  to 
not  more  than  1.5  miles  an  hour,  or  2.2  feet  per  second.* 

By  closing  up  the  line  X  Y  Z,  we  might  reasonably  expect  to  bring 
the  velocity  across  the  bar  up  nearly  to  3  miles  an  hour,  and  with  a  bot- 
tom of  like  material  as  at  C  G,  in  time,  scour  out  a  channel  with  as  great 
a  depth  as  at  the  latter.  This  expectation,  however,  would  have  to  be 
modified  by  the  necessity  of  a  converging  entrance  with  much  wider  mouth 


*  I  use  the  present  tense  as  referring  to  the  original  status  in  1871,  and  before. 
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than  at  C  G,  in  order  to  meet  two  essential  principles  of  tidal  harbor  im- 
provement, and  ensure  the  complete  filling  of  the  basin  within,  on  every 
flood  tide.  Again,  the  condition  of  like  consistency  of  bottom  did  not  ob- 
tain, for  extending  from  Deadman's  island  to  the  main  shore  at  A,  was  a 
submerged  reef  of  detached  boulders,  clay  and  hard  pan,  having  over  it 
at  its  lowest  point  6.5  feet  of  water  and  2.5  feet  of  sand  ;  9  feet  depth  at 
M.  L.  W.  therefore,  was  all  that  could  be  expected  across  this,  without 
mechanical  cutting. 

The  axial  line  first  adopted  for  closing  the  water-way  A'  Y Z,  is  shown 
on  Plate  I,  by  the  full  double  curve  ;  this  shape  in  plan  conformed  to- 
the  general  outline  of  the  opjjosite  shore  and  gently  guided  the  currents, 
but  the  axis  as  actually  used  is  shown  by  the  broken  line,  the  work  being 
thrown  further  seaward  than  was  first  intended,  as  it  was  feared  the  chan- 
nel abreast  of  Y  would  be  too  much  contracted.  This  was  a  mistake,  a» 
the  line  first  adopted  should  have  been  adhered  to  ;  it  would  have  saved 
much  subsequent  expense  in  training  walls.  The  radius  of  the  first  curve 
was  2  000  feet,  that  of  the  reverse  curve,  4  000  feet. 

It  was  determined  to  build  at  least  4  700  feet  of  the  work,  of  close  piling,, 
any  other  method  of  construction  being  too  expensive.  The  level  of  8  feet 
above  3L  L.  W.  Avas  adopted  as  that  of  the  tojj  of  the  work.  This,  while 
shutting  off"  the  highest  tides  and  breaking  the  force  of  the  heaviest  storms, 
would  at  the  same  time  permit  the  ocean  swell  at  high  water  to  throw 
large  masses  of  water  over  the  work,  which  would  have  to  find  its  way 
out  over  the  bar,  adding  thereby  to  the  scouring  force;  this  swell  would 
also  heave  over  a  good  deal  of  sand,  which,  lodging  against  the  work  on 
the  inside,  would  increase  its  stability  and  keejj  out  the  marine  worms 
and  the  sand  banked  against  the  outside  would  fiU  there  the  same  func- 
tions and  also,  in  time,  serve  as  a  permanent  breakwater  after  the  decay 
of  the  timber. 

This  pile  work  consisted  of  three  kinds  of  construction.  The  first,  lOQ 
feet  long,  having  but  one  thickness  of  sheet  piles,  while  the  next,  3  600 
feet  long,  had  two  thicknesses,  breaking  joints;  (this  latter  is  shown  in 
plan  and  section  by  Fig.  1,  next  page.) 

The  first  construction  was  wrong,  and  subsecpiently  gave  great  trouble, 
and  I  caution  others  against  it.  Its  fault  was  want  of  tightness;  though 
carefully  built,  many  cracks  or  openings  between  the  piles  necessarily  ex- 
isted ;  these  allowed  the  water  to  work  back  and  forth  with  the  change  of 
tide,  and  in  consequence,  at  every  crack  there  was  a  large  i)ot-hole 
scoured  out  at  each  side  of  the  work — often  to  great  depths,  sufficient  to 
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threaten  uuclerminiug.  This  was  remedied  at  consideral)le  trouble  and 
expeuse,  and  was  considered  secure  for  nearly  two  years  after  construc- 
tion, as  the  waves  had  banked  the  sand  against  it  to  the  top  and  to  the 
width  of  several  hundred  feet.  Then  came  a  storm,  coincident  with  a 
very  high  tide,  which  sent  the  surf  clear  over  this  bank  to  the  work, 
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where  it  ran  along  back  till  it  came  to  this  portion;  here  the  water  found 
its  way  through  the  cracks  that  had  been  left  unrepaired,  for  several 
feet  from  the  top,  washed  out  the  sand,  and  finally  worked  round  the 
initial  point  of  the  work,  leaving  a  high-water  channel  some  3  feet 
below  the  top  level  of  the  work,  and  from  4  to  6  feet  Avide.  To  remedy 
this,  a  solid  bulkhead  was  built  at  the  end  and  on  the  prolongation  of 
the  axis,  well  into  the  island  and  as  high  as  the  surface  of  the  latter,  and 
the  100  feet  of  this  faulty  construction  was  filled  uj)  to  the  top  on  both 
sides  with  a  solid  mass  of  gravel  and  cobble-stones,  and  sand  was  packed 
behind. 

At  the  end  of  the  second  construction,  3  700  feet  out,  where  there  was 
deeper  water  and  the  work  was  more  exposed  to  the  unbroken  impulse  of 
the  waves,  the  construction  (shown  in  section  and  plan  by  Fig.  2,  next 
page)   was  adopted  ;    this   double  work   to  be  filled   in    solidly   with 
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boulders  and  broken  stone  before  the  deck  planks  went  on.  It  had  a 
top  level  1.5  feet  liigiier  than  the  single  work,  and  the  piles  were  28  feet 
instead   of   24  feet  long. 

The  timber  was  Oregon  fir,  sawed  at  the  mills  to  specified  dimen.sions; 
each  piece  was  carefidly  inspected  by  a  faithful  and  reliable  ex^jert,  and 
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none  but  the  best  taken.  The  first  lot  was  1  500  000  feet,  D.  31.,  and 
cost — piled  up  on  Rattlesnake  island,  ready  for  use,  having  been  brought 
over  1  000  miles — ^19.50,  coin,  per  1  000  feet ;  the  clieapest  and  l)est  lot 
of  timber  probably  ever  taken  to  the  lower  coast. 
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In  tlu>  sumiiu^r  of  1S71,  a  contrjict  was  inailo  ior  the  coiistriu-tion  of 
tluMvork— tlio  tiniber,  bolts,  Sec,  being  supplied  l)y  the  United  States — at 
the  rate  i)ev  linear  foot  of  §?3.15,  eoin,  for  the  first,  and  $5.83,  coin, 
for  the  second  construction.  No  contract  was  made  for  the  third 
construction.  The  contractor  began  work  by  driving  the  first  pile,  October 
'id,  1871,  and  carried  the  work  on  as  energetically  as  his  knowledge  and 
means  permitted  till  he  had  completed  some  347  feet,  Avhen,  December 
6th,  he  threw  up  the  contract,  declaring  the  work  could  not  be  built  for 
any  money.  He  had  taken  the  contract  too  low,  and  tried  to  scant  the 
work,  but  being  obliged  to  drive  the  piles  carefully  and  to  the  utmost 
jjossible  penetration,  he  had  to  back  out. 

As  the  line  advanced  out  from  the  shore  across  the  track  of  the  cur- 
rents, the  trouble  from  scour  and  undermining  began,  as  much  as  16  feet 
vertically  of  sand  going  out  in  one  place  on  a  single  ebb  spring  tide,  and 
leaving  the  work  in  a  very  precarious  condition — holding  on  to  the  bottom 
in  some  jilaces  by  only  4  feet  of  pile  penetration.  Energetic  means  were 
immediately  taken  to  stop  the  scour  and  strengthen  this  portion  of  com- 
pleted work,  to  enable  it  to  stand  the  winter  storms,  most  severe  in  Jan- 
uary and  February.  At  intervals  of  some  60  feet,  on  both  sides,  1)Ox 
cribs  24x6x4  feet  were  sunk  at  right  angles  to  the  w^ork,  being  filled 
partly  with  loose  sand,  and  on  top  with  sand  bags,  made  of  second-hand 
grain  and  gunny  .sacks.  Bundles  of  bru.sh,  loaded  with  sand  bags,  were 
put  down  alongside  and  against  the  work,  and  in  one  or  two  places,  box 
cribs  were  sunk  fore  and  aft ;  while  at  the  head  or  free  end  of  the  work, 
on  each  side,  crib  wings,  some  30  feet  long  and  rising  to  high  water, 
were  planted  to  break  up  the  local  currents. 

These  efforts  were  successful,  though  by  a  close  shave,  as  when  the 
scouring  ceased,  the  average  penetration  of  the  piles  was  from  4  to  6  feet 
only,  and  this  had  to  resist  the  buoyant  action  of  the  water  acting  against 
from  14  to  10  feet  of  vertical  timber  above,  as  well  as  the  impact  of  the 
waves.  ,  Gradually  the  sand  began  to  accumulate  against  the  work,  and 
in  February  it  stood  the  hardest  gale  of  the  winter  without  flinching  and 
gained  greatly  in  strength,  as  the  storm  i^iled  several  feet  of  sand 
against  it  on  the  outside,  throughout  its  length. 

It  was  now  determined  to  build  the  work  without  the  intervention  of 
a  contractor,  and  active  measures  were  immediately  taken  to  purchase 
and  prepare  plant  for  energetically  carrying  it  on  in  the  S2)ring.  This 
Ijlant  comprised — six  engines  and  pile-drivers,  blacksmiths',  carpenters' 
and  caulkers'  tools,  chains,  ropes,  boats,  oars,  assorted  iron,  horses,  horse 
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Ijower,  pump,  pipe,  liose,  blocks  and  tackles,  &c. ,  &c. ;  in  short,  everytliing 
necessary  for  prosecuting  a  large  work  nearly  500  miles  from  a  machine 
sliop,  foundry  and  base  of  supjilies — San  Francisco. 

The  drivers  were  built  of  choice  pieces  of  well  seasoned  Oregon  fir, 
and  were  well  braced  and  bolted  ;  the  gins  were  ironed  with  J  inch 
wrought  iron,  and  each  machine  had  two  sets  of  rollers,  one  set  (4  rollers) 
attached  to  the  main  ground  sill,  the  other  set  (4  rollers)  to  two  heavy, 
strong  frames,  upon  which  the  Avhole  driver  rested  ;  this  allowed  two 
motions  at  right  angles  to  each  other.  The  rollers  were  made  of  seas- 
oned California  laurel,  a  very  strong,  tough  and  hard  wood,  and  were 
banded  and  the  bar  holes  fitted  with  iron  thimbles.  The  sill  which  rested 
on  the  roller  frames  was  large  enough  to  carry  the  engine,  a  50  gallons' 
water  tank,  and  a  small  coal  box,  so  that  everything  moved  together.  No 
nipping-ofi"  chocks  were  provided  at  the  top  of  the  gins,  as  it  was  design- 
ed in  all  cases  to  use  a  loftsmau  to  snap  the  hammer  at  a  certain  height. 
The  timber  in  general  length  was  24  feet,  and  was  on  the  ground  and  had 
to  be  used,  while  the  scour  threatened  to  give  us  a  depth  of  water  greater 
than  that  for  which  the  piles  were  intended,  so  it  became  necessary  to 
avail  ourselves  of  every  inch  of  the  piles,  driving  each  with  care,  so  as  to 
get  its  head  flush  with  the  top  level  of  the  work  without  splitting  or 
brooming  ;  hence  a  low  fall  of  the  h  ammer  in  all  eases. 

One  engine  was  second-hand  and  with  horizontal  boiler,  the  other  five 
were  new  and  of  the  latest  design,  having  upi-ight  boilers,  horizontal 
engines,  short  horizontal  throttle  levers,  6  inch-cylinders,  12  inch-stroke, 
winding  drums  and  gypseys  ;  everything  was  very  compact  and  conve- 
nient. These  engines  did  their  work  remarkably  well,  being  exceedingly 
quick  in  their  action,  so  much  so  that  it  was  ditficult  to  get  competent 
drivers  who  Avould  not  break  cogs,  nor  let  the  engines  run  away  Avith 
them.  Driving  piles  with  a  quick  engine,  requires  the  faculties  and  body 
to  be  constantly  on  the  que  vive,  eye,  hands,  feet  and  brain,  and  I  cliang- 
ed  drivers  three  times  all  round  before  I  got  a  competent  crew.  It  kept 
a  head  machinist  (himself  one  of  the  quickest  and  neatest  drivers  I  ever 
saw)  constantly  engaged  watching  the  others,  breaking  them  in,  and  keep- 
ing the  engines  in  good  repair.  He  put  on  each  engine,  in  the  exhaust 
l^ipe,  an  extra  throttle  lever,  to  act  as  a  check  in  lowering  the  hammer 
and  to  catch  it  should  the  brake  give  way  ;  these  saved  a  number  of  mis- 
haps, and  ought  to  be  on  every  hoisting  engine. 

The  gins  of  the  drivers  were  comparatively  short,  not  more  than  35 
feet  high,  with  three  guards,  the  falls  carried  over  11  iui-h-cast  iron  shieves  ; 
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the  inclined  after  braces  ran  to  within  a  few  feet  of  the  top  anil  abutted 
against  solid  block  sides,  and  were  cross  barred  to  be  used  as  a  ladder. 
Each  guard  was  provided  with  a  snap  bar  and  hammer  chock,  made  fast 
by  short  lines  to  prevent  accidents.  The  hammers  were  cast  especially 
for  the  work  from  drawings  furnished,  and  differed  from  the  usual  type, 
in  having  18  inch-faces,  so  as  to  drive  two  12  inch-sheet  piles  at  once, 
one  lapped  (5  inches  on  the  other  ;  the  lightest  for  driving  scaffold  piles, 
weighed  1  000  pounds,  the  rest  2  400  pounds,  each.  The  whole  plant  was 
constructed  in  the  most  substantial  manner,  for  very  hard  steady  work, 
and  was  stronger  than  necessary,  had  operations  with  it  been  carried  on 
in  the  vicinity  of  repair  and  supply  shops.  It  fully  answered  its  purpose, 
and  by  its  superior  quality  conduced  greatly  to  the  speedy  and  proper 
completion  of  the  work. 

From  the  nature  of  the  locality— a  series  of  flats  very  shoal  or  partly 
bare  at  low  water  and  exceedingly  rough  with  surf  at  high  tide — it  was 
impossible  to  use  floating  drivers  to  advantage,  so  that  all  work  had  to  be 
done  from  a  scaffold. 

The  first  or  advance  driver  was  built  with  an  overreach  of  10  feet, 
the  sill  consisting  of  two  pieces  40  feet  X  12  x  12  inches,  framed 
together  and  hog-braced,  wdth  the  engine  and  tank  at  the  after 
end  to  counterbalance  the  driver  and  the  hammer  forward  ;  the 
lateral  roller  frames  were  40  feet  long,  the  width  of  the  scaffold, 
allowing  the  machine  to  traverse  32  feet,  the  distance  between  the 
two   rows  of  scaffold  piles. 

To  begin  operations,  a  tem])orary  floating  driver  was  rigged,  and 
a  small  staging  built  at  the  end  of  the  short  piece  of  work  ah-eady 
completed  by  the  contractor;  on'  this  scaffold  (some  40  feet  square) 
the  advance  machine  was  set  up  and  began  to  build  its  own  road- 
way. It  first  drove  a  12  X  12  inch-pile,  16  feet  on  one  side  the 
axis,  then  traversed  and  drove  one  16  feet  the  other  side,  then 
back  to  the  axis  where  it  raised  a  40  feet  x  12  x  12  inch-stick,  and 
laid  it  on  these  two  piles  for  a  cap  ;  a  loosely  fitting  blunt  bolt 
through  each  end  into  the  pile  head  held  this  to  its  place.  The 
same  set  of  caps  and  bolts  answered  for  the  whole  work.  After 
the  caps  were  on,  the  machine  raised  a  lot  of  pieces  24  feet  X  12  X  6 
inches,  and  laid  them  longitudinally  for  roadway.  These  pieces 
were  dogged  lightly  to  the  caps  to  keep  them  from  being  washed 
overboard  by  the  surf  at  high  water,  which  frequently  broke  over 
the  scaffold.     The  bent  thus  built  was  stiffened  by  a  40  feet  X  12  x  4 
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incli-braee,  bolted  edge  up  to  the  top  of  the  sea  side  pile  aud 
ruuuing  to  the  level  of  low  water  on  the  iuside  pile,  one  set  of 
these  braces  and  screw  bolts  l)eing  sufficient  for  the  whole  work. 
About  1  000  feet  of  scaffold  or  100  bents  were  alwaj^s  iu  position,  to 
give  plenty  of  Avorking  room  for  the  six  machines,  aud  No.  1  as  a 
rule  did  little  else  than  build  it,  it  being  about  as  much  as  it 
could  do  to  keep  out  of  the  way  of  the  other  machines  ;  it  aver- 
aged 60  feet  of  completed  scaffold  a  day,  sometimes  building  as 
high  as  80  feet.  A  yard  gang  Avith  cant  hooks  and  a  pair  of 
heavy  draught  horses  rafted  the  timber  at  low  water,  each  raft 
being  taken  out  on  the  ebb  tide  l)y  one  man,  who  had  a  pole  to 
guide  it,  and  made  it  fast  to  a  pile  near  the  machine  that  was  to 
use  it.  No  more  timber  was  taken  out  than  could  be  used  iu  one 
day,  and  any  spare  pieces  on  hand  in  the  evening  were  always 
lioisted  on  to  the   scaffold  to   keep  them  from  going  adi'ift. 

No.  1  machine  Avas  folloAved  by  No.  2,  which,  being  of  rather 
peculiar  construction,  merits  description.  It  was  built  under  my 
<lirection  by  Mr.  M.  P.  Hubbard,  superintendent  of  construction, 
from  a  design  by  himself,  and  was  intended  to  drive  both  the 
vertical  and  brace  piles.  (See  Fig.  1.)  It  had  two  sets  of  gins,  one 
vertical  and  the  other  inclined  at  an  angle  of  30^  ;  these  latter 
being  mounted  on  heavy  trunnions  at  the  lower  end  to  jiermit  ad- 
justment to  any  angle.  The  two  sets  of  gins  had  the  usual  after 
braces,  the  guard  rails  of  the  vertical  gins  running  clear  through 
and  making  guards  for  the  slanting  gins,  thus  strongly  bracing  and 
stiffening  the  whole  affair.  From  the  photograph  *  it  would  appear  very 
unwieldy,  but  in  fact  it  was  not  at  all  so,  no  larger  crew  nor  longer  time 
being  required  to  man(euvre  it  than  the  other  machines  ;  like  them  the 
engine,  &c. ,  moved  Avith  the  machine.  The  contractor,  in  building  the 
first  few  hundred  feet  of  the  work,  had  used  only  one  and  that  a  single 
gin  driver,  hinged  at  the  bottom  to  allow  the  gins  to  be  thrown 
back  to  the  angle  necessary  for  the  brace  piles  ;  but  when  this  AA'as 
done  the  guards  had  to  be  changed  to  make  them  level,  thus 
losing  at  least  half  a  day ;  the  principal  objection,  however,  was 
its  general  Avant  of  stiffness  ;  it  Avas  too  rickety.  With  the  double 
machine  the  transfer  of  the  hammer  required  but  five  minutes,  as  it 
Avas  run  doAvn  out  of  one  set  of  gins  and  drawn  up  into  the 
other   set,    each   haAing  its   oavu   fall. 

•  To  be  seen  at  the  Society  rooms. 
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This  m:u'liiuo  followc^l  nftor  X<>.  1,  and  drove  u  row  of  l)nice  piles  till 
it  enu'^lit  lip  with  it  :  i-loso  upon  its  lieels  followed  a  s(piad  of  ship  car- 
l>entors  wlio  beveled  the  heads  of  the  braces  (see  Fig.  1),  to  allow  the 
verticals  to  bo  driven  against  them.  This  was  done  also  by  jVo.  2,  rnn- 
ning  back,  changing  its  hanmior.  and  going  ahead  till  the  verticals 
caught  lip  with  th»»  braces.  The  two  most  experienced,  intelligent  and 
tnistworthy  foremen  were  in  charge  of  these  first  two  machines  ;  the 
scaflblil  had  to  follow  a  curve,  keep  a  certain  general  level,  and  have  its 
bents  accurately  spaced  so  that  no  cap  should  come  over  the  place  for 
tli-iving  a  brace  and  upright.  To  keep  the  centre  of  the  scaffold 
approximately  on  the  curve,  each  bent  was  placed  with  a  given  number 
of  inches  of  de})arture,  and  afterwards  the  true  axis  of  the  work  was  laid 
out  and  marked  by  flexible  battens  tacked  to  the  caps.  Practically  the 
work  was  built  in  chords  of  100  feet  length,  which  however  were  so  short 
compared  with  the  ratlius  of  the  curve,  that  when  finished,  the  eye  failed 
to  detect  any  dejiarture  from  a  time  curve. 

The  scaffold  level  was  checked  every  300  feet  by  a  Y  level,  and  the 
true  level  for  the  top  of  the  upper  stringers  was  scored  on  every  fourth 
scaflfold  pile,  fi'om  which  it  was  carried  by  the  carpenters  with  straight 
edge  and  spirit  level  to  the  work. 

The  foreman  of  iVb.  2  had  to  look  carefully  to  the  spacing  of  the  brace 
piles,  and  see  that  they  did  not  creej)  or  twist,  as  they  were  too  stiff  to  be 
sprung  into  place.  Their  curvilinear  aligmneut  was  superb,  and  they 
drove  more  readily  and  truly  than  any  other  piles  in  the  work,  their 
slope  being  uniform  throughout.  The  scale  distance  on  the  drawings 
from  centre  to  centre  of  verticals  was  5  feet,  but  an  inch  was  allowed 
over  this,  for  swelling  of  sheet  piles  due  to  absorption,  of  w^ater  in 
rafting.  In  diivlng  the  verticals,  care  was  taken  to  have  them  abut  squarely 
against  the  bevel  on  the  brace  heads,  to  insure  an  even  bearing,  and  out 
of  some  1  150  of  these  12  x  12  inch-uprights,  but  2  were  noticeably 
twisted. 

As  fast  as  the  verticals  were  driven,  a  squad  of  ship  carpenters  sawed 
the  brace  heads  off  square  to  give  a  close  even  bearing  for  the  stringer, 
and  bolted  them  to  the  principals,  (see  Fig.  1),  and  also  fastened  x)n  the 
upper  and  lower  stringers.  The  gains  were  made  in  the  i^iles  in  all  cases, 
and  were  1  inch  deej) ;  the  scribing  was  done  from  the  stringers  them- 
selves, which  were  then  hung  in  chains  till  the  gains  were  cut,  after 
■which  they  were  replaced  and  held  in  position  with  heavy  iron  ship- 
clamps,  made  for  this  work,  until  securely  bolted  ;  a  snug,  accurate  fit 
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Avas  thus  secured.  The  lower  stringers  Avere  put  on  at  lowest  Ioav  water, 
the  carpenters  often  being  out  as  early  as  1  o'clock  a.m. — the  low  water 
of  the  spring  tides  occurring  in  summer  at  night. 

Tlie  stringers  being  on,  the  other  four  machines  followed  and  drove 
sheet  piling  ;  the  intervals  between  them  were  adjusted  to  allow  each 
machine  to  close  its  intei*val  in  two  or  three  days,  and  during  spring 
tides,  these  intervals  Avere  so  short  as  to  allow  closing  on  each  other  eveiy 
night  ;  this  to  some  extent  prevented  a  scour  from  taking  place  during 
the  interA'als. 

iVo.  6  worked  with  gins  faced  to  the  rear,  and  as  soon  as  it  had  closed 
its  interval,  fleeted  back  and  dismantled  the  scaffold,  the  roadway,  cap 
and  brace  pieces  being  rafted  and  sent  forward  for  re-use,  and  the  jDiles 
pulled  up,  by  attaching  the  fall  and  starting  the  engine  ;  whenever  they 
broke  ofif,  as  many  of  them  did,  it  was  always  flush  with  the  sand,  and 
the  pieces  Avere  used  for  braces  and  ties  in  the  double-Avork,  and  for 
chocks  and  wedges.  This  waste  of  timber,  i.e.,  the  lengths  left  buried  in 
the  sand,  could  hardly  be  avoided  o^nng  to  the  exposed  i^osition  of  the 
•work,  and  the  great  length  of  staging  required ;  lighter  i^ieces  would 
have  stood  the  dead  weight,  but  not  the  racking  motion  of  the  machines 
and  surf. 

In  building  the  double  work,  (see  Fig.  2),  JSfo.  1  drove  the  sea  side 
l^rincipals  14  x  12  inches  and  8  feet  apart,  as  it  went  along,  and  but  one 
extra  row  of  piles  for  the  scaffold,  these  latter  were  also  8  feet  apart 
instead  of  10  feet. 

In  driving  the  sheeting  the  following  method  was  adopted.  (See 
Fig.  1.)  The  4  >:  6  inches,  i  unhanded,  Avas  spiked  lightly  to  the  6  x  12 
inches,  /  banded  and  these  two  /  /  were  di-iven  together.  A  slight  bevel 
•on  the  free  side  of  the  foot  of  the  6  x  12  inches,  caused  them  to  hug  the 
main  pile.  Next  2-2  were  driven  together  though  not  spiked  to  each 
•other  ;  each  had  a  band,  and  the  18  inch-hammer  face  covered  both  and 
gave  an  equally  bearing  blow  ;  these  Avere  also  beveled  to  make  them  hug 
the  i-i,  and  the  toj^s  Avere  kept  hard  up  by  the  blocks  and  wedges  ; 
,S-3  were  next  driven  together  like  i-i,  and  4-4  like  2-2  ;  then  S  was 
put  in  by  itself  and  acted  as  a  shutter  to  key  up  the  whole  panel  tight 
and  close. 

One  ship  carpenter  to  two  rr  achines  Avas  kept  busy  making  long 
wedges  to  fit  crack  j  that  would  occur,  and  in  making  chocks  and  small 
wedges.  The  practical  water  tightness  of  the  work  thus  secured  more 
than  repaid  the  cost  of  the  carpenters.     The  wedges  were  forced  into 
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pl:H-o  l\v  lowering  tlio  liiiininrr  on  to  thorn,  and  were  soniotinu^s  20  foot 
long  and  only  2  inchos  thiok  at  the  bnt. 

Whon  a  scatlbld  had  boon  roiuovt^d.  a  si|iiad  of  cavpontors  followod  and 
trhnniod  the  work  to  level  where  necessary  ;  they  then  built  a  light  tram- 
Avay  of  :}  foot  gauge  and  some  2  foot  above  toj)  level  ;  the  rails  were  24 
feet  v  (i  ^.  4  inoh-timbors,  fastened  on  ero5s-piec3S  laid  every  8  feet,  and 
resting  on  a  pile  head  loft  for  tin;  jnirpose  and  bi'acedby  struts  from  the 
under  side,  at  the  ends,  to  tho  top  of  stringers.  On  this  tramwaj^  light 
truc-k  ears  wore  run  by  hand,  and  earried  bolts,  nnts,  washers,  tools,  &c.  ; 
2  ineh-plauks  laid  along  the  centre  gave  a  walk  for  the  men.  The  heavy 
surf  frequently  broke  this  traok  ;  its  repair  however  took  but  little  time 
and  labor. 

The  driving  was  very  hard,  the  bottom  being  of  firm,  compact  sand, 
with  only  occasional  soft  spots  ;  the  average  depth  of  penetration  of  each 
pile  at  the  time  it  was  driven,  was  15  feet.  The  average  fall  of  hammers 
was  10  feet;  the  piles  would  penetrate  only  so  mnch — 1  to  li^  inches — 
after  the  fir.st  few  blows,  uo  matter  how  high  the  hammer  might  be  raised, 
the  extra  force  due  to  a  high  fall  being  expended  in  breaking  up  the  pile 
head  ;  the  rule  was  therefore  a  fall  of  not  over  10  feet  ;  in  this  way  the 
average  length  of  pile  Head  sawed  off  did  not  exceed  8  inches,  and  out  of 
some  12  000  piles,  1  000  perhaps  can  be  found  with  their  original  heads 
showing  the  band  marks  and  giving  no  sign  of  crack  or  broom,  no  saw- 
ing off  having  been  needed.  Careful  blocking  below  and  chocking  in 
the  gins  above,  to  prevent  lateral  motion  of  the  pile  head,  gi-eatly  aided 
in  lessening  the  shattering  tendency  of  the  blows  ;  quite  a  point,  as  often 
it  required  250  blows  to  get  a  pile  down  15  feet. 

Early  in  the  work,  careful  experiments  were  made  on  the  matter  of 
pointed  and  unpointed  piles.  It  was  found  that  under  like  conditions  of 
cross-section  and  bottom  hardness,  it  took  full}'  as  long — that  is,  as  many 
blows,  fall  and  weight  of  hammer  being  equal — to  drive  a  pointed  pile  as 
it  did  an  unpointed  one,  with  this  against  the  former,  that  unless  accu- 
rately, that  is  symmetrically  pointed,  the  pile  would  creep  or  twist,  and  if 
it  encountered  any  small  obstacles  would  mash  at  the  point  and  drive  still 
more  unevenly ;  and  the  cost  of  pointing,  if  carefully  done  to  ensure  true 
driving,  wotild  be  no  small  item.  Unpointed  piles  therefore  had  decid- 
edly the  advantage,  and,  excepting  the  sheet-pile  bevels,  all  in  the  work 
were  subsequently  driven  unpointed,  care  being  taken  to  see  that  the 
foot  of  the  pile  was  square  with  the  sides,  to  keep  it  from  creeping  or 
twisting. 
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The  pile-driver  crinvs  consistel  eiieli  of  one  foreman,  one  engine- 
driver,  one  fireman,  one  loftsma'n  and  fonr  pile-driver  hands.  The  fire- 
man was  necessary  to  collect  and  split  the  cuttings  which  were  burnt 
with  the  coal  in  the  engines,  and  to  keep  the  water  tank  supplied.  The 
shiii-carpenter  gang  averaged  twenty  men  :  then  there  were,  the  yard  and 
rafting  gangs,  two  blacksmiths  and  helpers,  machinist  and  helpt>r,  and  a 
large  force  of  laborers,  loading,  lightering  and  depositing  ballast  against 
the  work  ;  the  largest  force  at  any  one  time  was  IGO  men,  including 
superintendent  and  clerk. 

The  first  problem  to  be  solved  in  making  preparations  for  the  work, 
was  that  of  fresh  water  supply  ;  Wilmington,  over  two  miles  distant, 
being  the  nearest  available  source.  The  x)ossil)le  maximum  amount 
needed  was  8  000  gallons  a  day  for  drinking,  cooking,  washing  and  run- 
ning the  engines.  To  obtain  this  with  certainty  it  was  arranged  wuth 
the  -Railroad  Comjiany  at  Wilmington  to  build  a  tank  on  the  wharf  of 
sufficient  capacity  to  hold  10  000  gallons,  and  to  keep  it  full  by  a  pump 
connected  with  their  stationary  engine.  This  tank  was  built,  and  it  was 
pro^dded  with  a  4^  inches  discharge  pipe,  to  empty  it  rapidlj' ;  at  the  same 
time,  a  water  boat  was  built  by  ns  40  feet  long,  10  feet  beam  and  4  feet 
tli'aught  when  submerged  to  the  deck ;  flat  bottom,  square  sides  and 
ends,  and  with  a  6  inch-air  space  all.  round  the  inside  tank  to  gi\e  buoy- 
ancy when  full.  The  tank  was  divided  by  board  partitions  into  6  cham- 
bers, to  keep  the  water  from  shifting  suddenly  and  careening  the  boat; 
this  tank  held  about  9  000  gallons.  One  man  constituted  the  crew  ;  he 
was  thoroughly  familiar  with  the  channel  and  set  of  the  cuiTents.  He 
Avas  expected  to  keep  the  yard  tank  full,  running  day  or  night  as  the 
tides  dictated.  With  a  pole  to  keep  the  craft  in  the  channel,  he  would 
go  up  on  the  last  of  the  flood,  fill  the  boat  from  the  wharf  tank,  come 
back  on  the  first  of  the  ebb,  make  fast  to  the  yard  tank,  and  with  an  old 
horse  kept  for  the  purpose,  run  the  horse-powor  and  pumj)  till  the 
boat  was  emptied. 

The  yard  tank,  founded  on  piles  near  the  edge  of  deep  water,  had  a 
bottom  elevation  of  20  feet  above  the  scaffold  of  the  work,  and  when  full 
gave  a  head  of  32  feet.  The  conditions  to  be  met  in  designing  this  tank 
was  a  possible  ultimate  need  of  a  delivery  of  5i  gallons  a  minute  through 
a  1  i  inch-pipe  2  200  yards  long,  with  several  bends.  As  it  subsequently 
happened,  the  work  requiring  engine  power  extended  only  5  000  feet  from 
the  tank,  and  at  this  distance  there  was  always  an  abundant  supply  of 
water,  even  when  the  head  was  only  a  little  over  20  feet. 
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The  tank  was  11  X  12  X  12  feet,  aiid  held  about  12  000  gallons.  It 
was  built  of  4  inch-planks  laid  on  edge  lioiizontally,  and  bolted  througli  ; 
J  inch  ^vl•ougllt  iron  tie-rods  ran  across  the  top  and  cfentre  in  two  direc- 
tions, and  were  fastened  to  8  x  8  inch-vertical  jiieces  outside  the  jjlank- 
ing.  The  inside  ^vas  caulked  and  pitched  and  Avas  very  tight.  Near 
the  tank  n  platform  was  laid,  and  a  horse-power  fixed  to  it,  connecting 
with  a  lift  and  force  i5ump,  Axhich  with  a  2^  inch-suction  pipe  and  a 
2  inch-delivery  pipe,  constituted  the  pumping  plant.  A  1^  inch- 
(inside  diameter)  compoj-ition  pipe  led  from  the  bottom  of  the  tank  down 
under  the  sand  to  the  initial  point  of  the  work,  whence  it  ran  along  on 
top  of  the  outer  stringer,  to  which  it  was  fastened  by  staples,  to  the 
middle  of  the  scaffold,  where  it  connected  with  some  500  feet  of  hose, 
the  free  end  of  which  could  be  moved  back  and  forth  to  fill  the  engine 
tanks.  Another  pipe,  1  inch  in  diameter,  led  from  the  tank  to  the  men's 
quarters  and  kitchen.  The  whole  arrangement  for  water  supply  proved 
economical,  convenient,  and  in  every  way  satisfactory.  The  water  cost 
us,  including  1. 1  mills  a  gallon  paid  the  Eailroad  Comj^any,  labor  and 
horse  exijenses,  and  capitalizing  the  cost  of  all  plant  at  one  per  cent,  a 
month,  a  trifle  less  than  2i  mills,  "coin,  per  gallon  ;  this  is  an  amount 
considerably  less  than  what  it  cost  shipping  along  the  San  Fiancisco 
water  front. 

Active  operations  were  begun  in  the  latter  part  of  May,  one  machine 
following  another  as  fast  as  room  could  be  had  on  the  scaffold  ;  by  the 
end  of  June,  all  six  were  hammering  away,  and  from  this  on,  the  work  was 
driven  along  almost  uninterruptedly  till  the  end  of  October,  when  the 
last  machine  was  removed  from  the  outer  end  of  the  double-work,  4  700 
feet  from  the  initial  jDoint,  and  the  whole  timber  work  was  completed  ; 
it  had  taken  just  five  full  months  of  steady  work  ;  12  000  piles  of  all  kinds 
had  been  driven,  and  over  4  miles  of  stringers  bolted  on,  consuming 
2  750  000  feet  B.  M.  of  timber,  and  137  000  pounds  of  iron.  The  best 
day's  work  was  60  feet  of  single  work  entirely  finished  ;  the  average  was 
45  feet  a  day  of  ten  hours.  17  brace  or  vertical  jiiles,  for  No.  2  machine, 
and  20  sheet  piles  for  the  other  machines,  was  found  to  be  a  good  day's 
work.  Two  sheet  piles  lapped  aud  struck  together,  drove  better  than  a 
single  one,  and  gave  snugger  work.  It  was  found  that  in  driving  the  4 
inch  sheet  pile  as  a  shutter,  much  buckling  took  place,  so  that  it  had 
to  be  tenderly  handled  ;  it  would  have  been  better  had  the  two  courses 
of  sheet  j)iles  been  5  inches  each,  instead  of  one  having  been  6  and  other 
4  inches. 
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No  aceiden't  more  serious  than  mashing  a  finger  or  toe,  due  to  the 
sufferers'  own  carelessnes'^,  happened  during  this  or  any  subsequent  work 
ean-ied  on  under  my  executive  charge,  a  matter  for  congratuhxtion  consid- 
ering the  great  amount  of  heavy  timber  handled,  and  the  danger  of  drown- 
ing to  men  falhng  overboard  or  swept  off  the  top  of  the  work  when  going 
tack  and  forth,  things  that  frequently  happened.  At  high  tide,  when 
rough,  large  masses  of  water  would  sweep  over  the  top  of  the  work,  or 
striking  on  the  side  be  i^rojected  20  or  30  feet  in  the  air,  the  men  had  to 
•watch  out  for  these  places,  and  dodge  by  them  between  times  ;  some- 
times they  missed  it  and  went  overboard.  The  moral  effect  on  some  was 
quite  marked,  and  I  had  trouble  in  keeping  certain  good  men  on  this 
account.  The  non-swimmers,  if  they  desired,  were  always  sent  out  in  a 
boat,  though  even  with  the  latter,  it  was  often  dijfficult  to  effect  a  landing 
at  the  scaffold. 

It  will  be  remembered  that  the  piece  of  work  built  in  the  preceding 
fall  had  Ijeen  left  to  stand  through  the  winter  ;  by  spring,  the  currents 
round  this  had  accommodated  themselves  to  the  new  regimen,  and  the 
■work  had  increased  in  stability  from  the  sand  piled  against  it  bj-  the  win- 
ter gales ;  but  as  soon  as  the  new  work  started  across  the  path  of  the 
tidal  currents,  the  engineering  difficulties  began.  The  ebb  tide,  striking 
the  work  broadside  on,  would  head  up,  and  with  increased  velocity  run 
along  the  inside  of  the  Avork,  scouring  a  deejD  channel  of  V  shape,  the 
apex  being  against  the  piling,  and  find  its  way  round  the  free  end  where 
it  would  scour  out  deep  holes.  The  flood  tide  effected  the  same  thing  on 
the  outside  and  deepened  the  pot-hole  at  the  end  ;  the  lateral  scouring 
■\ras  in  itself  not  so  serious  as  the  hole  at  the  head  of  the  work,  which, 
keeping  along  in  advance,  left  behind  a  deep  cut.  I  had  anticipated 
this  action,  and  to  i^rovide  against  it,  at  intervals  of  150  feet  on  each  side 
of  the  main  work,  pile  wings  or  groins  were  built,  each  about  30  feet 
long  and  at  right  angles  to  the  main  work.  These  to  a  great  extent 
alleviiited  the  lateral  scour,  but  did  not  help  the  scour  in  advance,  and  I 
erred  in  making  them  too  light ;  they  consisted  of  8  x  8  inch-uprights, 
with  one  course  of  double  stringers  6y,6  inches,  and  but  one  thickness  of 
4'  inch-sheeting  ;  this  left  many  small  cracks  through  which  the  water 
worked,  and  resulted  in  undermining  the  wings  themselves,  all  on  the  sea 
side  being  caiTied  away  entirely,  and  quite  a  number  on  the  inside  of  the 
■work.  One  of  double  sheeting,  with  heavy  principals  and  double  strung, 
and  40  feet  long,  was  built,  and  stood  well,  though  more  exposed  by  far 
Uuin  any  of  the  rest,  and  it  contributed  greatly  in  stopping  the  extension 


411 

of  tho  Lir-Acst  ot  tlir  ihvov  breaks  t'lat  afterwanls  oc'c-nrri'd  in  the  main 
Avork.  Tho  coiulition  of  the  work  iu  many  places  appeared  eritical,  auJ  the 
Avhole  completed  line  as  it  ]n-ogressed,  required  constant  watching,  the 
deeper  places  being  ballasted  with  Itoulders,  but  my  means  of  obtaining 
these  were  at  the  time  very  inadetpiate. 

Every  day,  soundings  were  taken  every  5  feet  on  both  sides  tho  work, 
and  these  wore  plotted  on  a  long  roll  of  profile  paper  each  evening ;  each 
foreman  was  required  to  mark  in  red  elialk  on  the  top  of  every  pile  the 
length  cut  oft'  after  driving,  and  these  were  noted  and  handed  in  daily, 
and  also  jjlotted  on  the  i^rofile  sheet,  showing  the  penetration  of  each 
pile.  From  this  by  a  glance,  I  could  tell  every  day  the  exact  condition 
of  the  work,  and  the  depths  or  contour  of  the  bottom  on  each  side.  This 
l>apor  was  at  all  times  an  interesting  and  often  a  perplexing  study,  and 
was  invaluable  in  showing  me  where  to  apply  to  the  best  advantage  my 
limited  resources  for  protection,  such  as  sinking  box  cribs,  sand  bags, 
and  riiirapping  with  boulders  and  gravel.  In  many  places,  the  water  was 
18  feet  deep  at  J/.  L.  W.,  and  in  a  few,  over  20  feet.  Fortunately  at  these 
jioints,  I  had  taken  the  precaution  of  driving  down  30  feet  sheeting,  of 
Avhieh  we  had  a  limited  supply,  instead  of  24  feet  stuff.  The  curve  of  the 
bottom  was  very  irregular,  rising  and  lowering  iu  correspondence  with 
the  state  of  the  tides  which  prevailed  at  the  time  the  Avork  was  built,  the 
deep  places  occurring  with  the  spiiug  tides.  In  some  places,  my  profile 
showed  not  more  than  Ih  or  2  feet  penetration  for  some  of  the  piles.  At 
high  water,  with  even  the  very  slightest  swell,  the  top  of  the  work  iu 
I>laces  would  wave  like  a  ribbon  in  the  wind.  Finally,  on  July  18th, 
about  6  o'clock  p.  m.,  at  extreme  high  tide,  the  water  being  over  the  top 
of  the  upper  stringers,  but  perfectly  smooth,  the  work  began  to  bulge  up 
iu  three  places,  and  slowly  but  steadily  rose  straight  np  in  the  aii",  pre- 
senting the  appearance  of  a  solid  built  arched  truss,  till  the  top  was  about 
6  feet  above  the  general  level  of  the  work  :  the  men  were  coming  in  from 
work,  and  some  passed  over  these  places  while  they  were  rising,  and  one 
jjassed  over  after  one  place  had  reached  its  highest  point.  This  all  trans- 
pii-ed  during  slack  water,  and  so  wonderfully  strong  was  the  work  that 
nothing  gave  way — though  the  12x12  inch-stringers  bent  like  poles — 
till  the  tide  began  to  run  ebb,  and  then  the  breaking  uj)  began  ;  the 
stringers  were  twisted  off  and  bolts  pulled  out,  and  the  work  at  these 
places  went  out  to  sea  in  large  panels  of  20  and  30  feet  in  length.  The 
destruction  continued  through  most  of  the  ebb  tide,  panel  after  panel 
giving  way  as  the  currents  undermined  the  edges  of  the  breaks.     In  the 
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morning  there  were  three  clean  gaps  of  130,  80,  and  150  feet  respectively, 
(at  a,  b,  c,  Plate  II),  with  from  20  to  30  feet  M.  L.  W.  through  them,  and 
the  edges  of  the  gaps  for  some  30  feet  back  were  in  a  very  precarious 
condition. 

The  work  in  advance  was  continued  without  stop,  with  four  machines  ; 
the  water  boat  was  taken  out  to  the  scaffold  and  the  engines  supplied  by 
buckets,  till  pipe  connection  with  the  tank  could  be  made,  by  laying  the 
pipe  directly  on  the  bottom,  across  the  gaps,  several  hundred  feet  from 
the  work.  The  gangs  of  the  other  two  machines  were  used  to  clear  away 
and  secure  the  wreck,  and  to  protect  the  loose  ends  of  the  work  next  the 
gaps  by  ballasting  with  stone  and  sinking  box  cribs  for  submerged 
groins  ;  these  efforts  were  successful,  and  the  ends  secured  against  under- 
mining. A  floating  pile-driver  was  then  rigged  uj),  and  two  rows  of 
piles  6  X  12  inches,  30  feet  apart,  were  driven,  making  si:)ans  of  30  feet, 
as  a  foundation  for  light  stagings  across  the  gaps.  Each  pile  as  soon  as 
driven  was  riprapped  with  rock,  to  prevent  its  being  washed  out  by  the 
tremendous  current  which  boiled  and  roared  through  these  gajjs  on  the 
spring  ebb  tides.  Across  the  centre  of  this  staging  the  car  track  and 
foot  path  were  carried  on  40  feet  x  12  x  4  inch-pieces,  laid  edge  up  and 
trussed,  and  the  staging  was  stiffened  by  pieces,  40  feet  X  12  X  6  inches, 
laid  criss-cross  horizontally  ;  no  vertical  bracing  whatever  was  used,  so 
that  the  water  encountered  only  the  edge  of  the  6  X  12  inch-piles. 

We  next  riprapped  these  gaps  clear  across  along  the  axis,  to  a  depth 
of  3  feet  to  enable  them  to  maintain  their  status,  and  they  were  then  left 
till  November,  after  the  main  work  was  entirely  finished.  Some  of  the 
panels  of  the  wreck  were  picked  up  15  miles  out  ht  sea,  and  the  rest 
drifted  ashore.  Everything  was  recovered,  and  the  timber  and  iron 
were  re-used.  It  will  be  noticed  that  these  breaks  took  place  at  the  i^oints 
a,  h,  c,  Plate  II,  corresponding  to  K,  L,  0,  Plate  I,  where  three  small 
low  Avater  channels  originally  existed  ;  the  bottom  here  was  much  softer 
with  more  or  less  quicksand,  and  it  was  through  these  places  that  the 
strongest  currents  outside  of  the  main  channel  were  found.  In  going 
over  them,  24  feet  verticals  and  braces  had  been  used,  but  before  the 
sheeting  was  driven,  the  deepening  became  so  marked  that  I  drove  80 
feet  sheeting  instead  of  24  feet  stuff.  Had  the  verticals  and  braces  been 
of  the  same  length  as  the  sheeting,  it  is  possible  that  the  work  would 
have  held  at  these  places  ;  but  the  water  getting  under  the  short  pieces 
made  holes  one  foot  wide  every  5  feet,  and  these  rapidly  deei^ened  and 
extended  till  the  sheeting  lost  its  grip  on  the  bottom. 
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Vyi  to  tlio  timo  of  this  at'cidi'iit,  we  liiul  luul  a  ooutiiiuons  cliuimel  on 
<\u-h  siili'  of  till"  work  t-lrar  to  tlu'  lu\ul  at  this  1  600  feet  jraint,  with  from 
12  to  18  feet  water,  J/.  L.  11'.,  and  this  would  undoubtedly  have  con- 
tinued throughout  its  construction.  The  day  before  the  break,  a  piece 
of  the  work,  about  50  feet  back  from  the  head,  began  to  bulge  up,  but 
fortunately  the  seaflfold  over  this  was  not  yet  dismantled,  and  a  macliine 
was  run  back,  the  sheeting  punched  down  some  8  feet,  reinforce  pieces 
Uriven  in  on  top  between  the  stringers,  and  box  cribs  sunk  alongside  ; 
this  secured  this  piece.  The  relief  atibrded  to  the  advancing  portion  of 
the  work  by  the  breaks  in  rear  was  instantaneous  and  very  marked. 
The  whole  strength  of  the  current  set  through  the  gaps,  and  the  sand 
began  banking  against  the  advanced  portion  of  the  work  so  fast  in  places 
that  it  had  to  be  shoveled  away  to  permit  the  lower  stringers  to  be  put 
on  at  their  proper  level,  and  from  this  time  we  had  little  or  no  trouble 
from  scouring  except  along  part  of  the  double  work. 

The  water  ways  at  the  gaps  were  not  regular  through  the  channels,  but 
■only  big  pot  lioles,  the  greatest  depth  being  along  the  axis  of  the  work, 
•while  some  300  feet  of  the  sand  was  awash  at  31.  L.   W. 

As  before  stated,  these  gaps  were  left  for  sevei'al  months  till  the  main 
work  should  be  finished,  a  little  riprap  being  thrown  in  from  time  to 
time  as  it  could  be  spared  frt)m  other  places.  In  November,  the  riprap 
was  fini-slied,  with  a  top  level  10  feet  wide  and  7  feet  below  extreme  low 
Avater ;  ujion  this,  as  a  foundation,  were  sunk  heavy  timber  cribs. 
These  ia  plan  were  li  and  12  feet  wide  alternately,  the  former  having 
their  ends  set  in  some  2  feet,  and  the  latter  locking  into  them  ;  thus  each 
^supported  the  other.  The  ends  of  the  end  cribs  in  each  gap  had  heavy 
12  X  12  inch-pieces  framed  into  them  horizontally  parallel  to  each 
other  and  11  inches  apart,  and  these  projected  some  3  feet  and  locked 
on  to  the  main  work.  Fig.  3,  (next  page,)  is  a  cross-section  of  the  gap 
•construction,  and  shows  all  the  details.  It  was  the  strongest  that  could 
be  made,  and  at  the  same  time  present  an  appearance  nearly  uniform 
•with  the  rest  of  the  work. 

It  answered  its  purpose  fully,  and  never  settled  nor  got  out  of  align- 
ment. The  outside  horizontal  timbers  of  the  superstructure  at  first  were 
■only  carried  up  to  half-tide  ;  the  remaining  sjpace  to  high  water  was 
•closed  by  automatic  wooden  shutters  or  gates,  "working  on  horizontal 
trunnions  fastened  to  the  braces.  These  are  shown  on  the  section  Fig.  3. 
An  apron  of  2  inch-23Lank  closed  the  space]  below  the  shutters  between 
the  braces  and  the  uprights,  which  were  spaced  5  feet  apart.     These 
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slmttors  opened  -witli  tlie  flood  but  remained  closed  on  the  ebb  tides,  and 
allowed  a  large  mass  of  Avater  to  enter,  -wliicli  was  forced  to  find  its  way- 
out  over  the  bar,  adding  to  the  sconr  there.  During  the  next  three 
years  as  fast  as  the  sand  banked  against  the  work  on  the  outside,  and 
reached  these  gaps  and  began  to  work  over  the  top,  they  were  closed  up 
to  the  top  level  of  the  work  and  the  gates  removed. 
J'ig'..5. 


(_-r5-) 


Before  the  gaps  were  filled,  there  existed  along  on  the  inside  of  the 
work  from  the  third  gap  c,  (Phite  II,)  to  the  point  e,  a  cut,  ha%-ing  from 
12  to  15  feet  31.  L.  W.  depth  and  in  width,  from  50  feet  at  the  gap  to  10 
feet  at  the  outer  end,  which  was  scmired  out  before  the  bn^aks  occurred. 
It  was  feared  that  sudd(>nlj  stop[)ing  the  three  gaps  might  divert  the 
volume  of  water  tlius  cut  (jff,  an  1  cause  it  to  Avork  through  this  cut,  and 
ultimately  to  transfer  the  mnin  cliaunel  over  against  the  work.  To  guard 
against  such  an  undesirable  occurrence,  a  sheet  pile  wing  30  feet  long, 
having  a  timber  crib  extension  some  250  feet  long  with  a  crib  T  at  the 
end  (see  d,  Plate  II),  was  built,  the  top  being  flush  with  that  of  the  main 
Avork.  It  accomplished  the  intc^ntion  fully  and  soon  became  the  nucleus, 
about  which  gathered  the  sand  carried  along  tlie  inside  of  tlie  work  by 
the  surf. 
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ll  was  1,. 1111(1  that  furtluT  out.  over  the  List  1  500  tVct  of  tho  siiiglft 
Avork.  on  tlic  inside,  llic  sand  lillcd  in  against  the  piUiig  only  np  to 
M.  L.  \V.:  it  WHS  kept  shaved  oft"  to  this  level  by  the  cutting  action  of  the 
surf  Avhieh  rolled  along  against  the  work,  whenever  there  there  was  swell 
coming  in  over  the  bar.  At  first  a  ripraj")  of  stoue  was  h.id  down  against 
tlie  jiiling  up  to  half  tide,  and  collected  and  held  the  sand  very  well  for 
a  short  time  ;  but  the  surf  got  such  an  impetus  rolling  along  the  work, 
that  it  flattened  this  out.  I  then  built  a  lot  of  crib  wings  every  150  feet, 
each  50  feet  long.  The  cribs  were  open  enough  to  allow  the  sand  to 
wash  in,  but  not  enough  to  have  the  stone  filling  waslunl.  out  ;  the  tops 
were  tliish  with  the  bottom  of  tluMipper  stringer.  These  in  a  measure 
answered  their  purpose,  the  sand  rapidly  filling  in  between  them  and 
against  the  work  from  2  feet  above  M.  L.  W.  to  half  tide,  which  kept  the 
worms  out  of  the  timber. 

Subsequent  experience  fully  demonstrated  that  these  wings  should 
have  been  longer,  about  80  instead  of  50  feet,  should  have  been  made 
tight,  and  should  have  had  the  fixed  end  next  the  work,  top  level  with  it, 
and  been  sloped  off  to  about  +  ^  feet  at  the  free  end  ;  a  fall  of  6  in  80 
feet.  This  arrangement  would  have  caused  the  sand  to  fill  in  against  the 
main  w(n-k,  with  an  easy  foreslope  or  glacis,  which  woiild  have  retained 
its  stability.  As  it  is,  the  sand  on  the  inside  will  fill  up  towards  the 
outer  end  at  best  only  to  half  tide  ;  above  that  the  surf  will  keep  it 
shaved  off,  and  will  carry  the  surplus  sand  along  up  to  the  work  to  d 
(Plate  II),  where  quite  an  island  had  formed  by  the  fall  of  1875.  On  fJi«? 
land  side  of  the  double-work,  four  wings  of  heavy  rock  were  built,  and  did 
much  to  hold  the  sand,  but  they  should  have  been  higher,  longer  and 
tighter.  On  the  sea-side  it  was  thought  a  low  line  of  riprap  laid  against 
the  work,  would  be  sufficient  to  hold  the  sand  piled  against  it  by  the 
waves,  but  eventually  some  three  years  after,  it  was  found  necessary  to 
put  downaseiie^  of  crib  wings  ;  the  cribs  had  strong  upright  frames 
which  extended  as  high  as  the  top  level  of  the  work,  but  they  were 
planked  on  tho  sides  and  ends  only  a  few  feet,  the  idea  being  to  spike 
on  additional  jjlanking  as  the  sand  filled  flush  with  the  top  of  the  pre- 
ceding hiyers,  thus  building  the  slope  up  gradually.  This  action  was 
going  on  satisfactorily  when  I  left  the  work  in  September,  1875,  but  I 
made  a  great  mistake  in  not  starting  this  arrangement  three  years  before, 
as  soon  as  the  main  work  was  finished. 

"We  had  expected  that  as  soon  as  the  timber  Avork  was  completed,  the 
wave  action  would  accumulate  the  sand  against  it  throughout  its  length. 
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building  'the  sloi)e  or  beach  ii})  lior'zoiitallv.  lu  this  we  -were  disap- 
pointed ;  this  formation  began  at  A",  (Phxte  II,)  where  it  filled  in  up  to 
the  top  or-j-S  feet  level ;  another  place  bogan  near  e,  on  the  seaside,  mak- 
ing a  high  water  island,  as  it  were,  which  rapidly  extended  bodily  in  both 
directions  along  the  work,  and  also  Avidened  out  in  the  centre  to  seaward. 
This  accumi;lation  stopped  at  f,  but  kept  on  in  the  other  direction  till  it 
reached  the  outer  edge  of  the  third  gap  c,  and  from  here  started  a  long 
sickled  shajied  half-tide  sand  spit,  Avhicli  curved  round  to  g ;  while  this 
had  been  going  on,  the  high  tide  island  from  X,  had  been  advancing 
bodily  along  the  Avork  flush  with  its  top,  and  averaging  some  150  feet  in 
width,  tiU  it  reached  the  inner  edge  of  the  third  gaj),  which  it  will  be 
remembered  had  been  filled  in  up  to  half-tide.  This  gap  was  now  closed 
entirely,  and  this  left  a  blind  high  water  channel  of  its  width  at  the  work, 
which  ran  on  a  curve  and  joined  the  sea  at  g,  where  it  was  bare  a  little 
below  half  tide.  It  was  expected  that  the  two  sand  banks  would  continue 
to  approach  each  other  till  they  joined  about  the  middle  of  the  gap,  and 
thus  comijlete  a  continuous  embankment  clear  to/;  but  one  night  during 
the  winter  of  1874-5  a  heavy  gale,  coincident  with  a  high  spring  tide, 
closed  the  beach  entirely  across  at  ri,  up  to  above  high  water,  about  +  8 
feet  level,  which  level  extended  from/,  clear  round  to  the  original  8  feet 
level  on  Rattlesnake  island,  and  Avas  as  smooth  aud  even  as  if  it  had  been 
laid  off  with  a  Y  level,  and  graded.  This  coup  de  mer  cut  off  completely 
fi'om  the  ocean,  a  large  pool  of  deep  Avater  abreast  of  and  against  the  third 
gap,  in  which  the  Avater  rose  and  fell  Avith  the  tide,  from  seepage  through 
the  sand  and  the  ri^jrap,  under  the  cribs  and  bulkhead  ;  but  of  course  the 
filling  and  lowering  was  very  sIoav  compared  Avith  the  rise  aud  fall  of  the 
tides,  so  that  there  was  often  quite  a  difference  of  IcA^el  between  the  water 
inside  and  that  outside  ;  sometimes  the  head  of  water  in  the  pool  Avould 
be  as  high  as  3  feet. 

This  Avas  an  unexpected  contingency,  and  threatened  the  stability  of 
the  foundation  of  the  gap  structure,  which  had  not  been  designed  for  a 
dam,  or  to  stand  continuous  pressure  due  to  a  head  of  water  on  one  side. 
To  secure  this  under  these  ncAV  conditions,  a  solid  bank  or  causeway  of 
cobble  stones,  gravel  and  sand  was  built  across  the  gap  on  each  side 
the  work,  clear  to  the  top.  The  long  wing  at  d,  (Plate  II,)  was  also 
cut  away  at  the  free  end,  and  loAvered  through  some  200  feet  of  its  length, 
to  alloAV  some  of  the  sand  gathered  here  to  be  carried  along  by  the  surf 
and  flood  tides,  and  be  filled  into  tlie  \iool  and  against  the  caiiseAvay  on 
the  land  sidt;  ;  this  action  Avas  going  on  favorably  Avheu  I  left.      The  clos- 
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ing  of  the  boac-li  at  y.  was  very  siidileii,  taking  place  in  one  night  ; 
thousanas  of  flsb  of  all  kinds  ami  sizes  were  left  in  the  pool,  affording 
for  several  months  a  rich  harvest  for  fishermen.  With  a  heavy  surf  at 
very  high  water,  the  wavi's  now  wasli  across  this  beach  into  the  pool, 
and  i-arry  with  them  considerable  sand,  which  is  slowly  filling  it  up. 

The  baidc  as  it  advanced  from  A',  always  presented  on  its  front  a  bold 
abrupt  head  some  20  feet  wide,  and  at  right  angles  to  the  work.  In  this 
angle,  the  surf  would  be  piled  up  with  sufficient  force  on  every  tide  to 
heave  over  a  large  mass  of  saud,  Avhich  remained  piled  against  the  inside 
of  the  work,  and  thus  the  filling  due  to  wave  action  advanced  on  both 
sides. 

Trevious  to  tliis,  however,  in  order  to  keep  out  the  worms,  -which 
attackinl  the  timber  with  great  eagerness  and  rapidity,  the  work  had  been 
banked  up  on  both  sides  to  some  2  feet  aV)ove  31.  L.  W.,  with  sand  and 
clay  brought  from  tlie  opposite  bluff  on  lighters  built  for  this  purpose. 

During  a  four  years'  experience  in  this  harbor  I  never  found  the 
worms  (the  small  Teredo  Navalis)  beyond  2  feet  above  M.  L.  W. ,  nor  did 
they  work  below  the  surface  of  the  sand  and  mud,  and  as  this  filled  up 
round  a  pile,  it  smothered  them  and  killed  them  out.  Below  the  plane 
of  -f-  2  feet  their  action  was  rapid  and  destructive,  and  timber  was  soon 
honeycombed. 

In  Orgon  fir,  they  showed  their  presence  quite  plainly'  in  six  months, 
iind  a  pile  of  this  wood,  12  inches  in  diameter,  and  driven  with  the  bark 
on,  has  a  reliable  life  of  only  five  years — that  is  to  stand  any  pressure  be- 
yond its  own  weight  ;  if  sawn  or  hewn,  its  life,  to  resist  any  decided 
strain,  will  be  only  four  years.  The  California  redwood  [Segnoia  Sem- 
j^errirens)  resists  the  worm  much  better,  especially  with  the  bark  on,  and 
its  efl'ective  sea-water  life  is  from  two  to  three  times  that  of  Oregon  fir 
under  like  conditions. 

Over  a  million  feet  of  our  timber  was  treated  by  the  Eobbius  process, 
ii  modification  of  the  Bethel  ;  it  was  impregnated,  after  artificial  season- 
ing, by  steam  under  pressure,  to  the  depth  of  one  inch,  with  the  vapor 
of  hydro-caibon  oil,  or  about  1}  pounds  of  oil  to  the  cubic  foot  of  tim- 
ber, and  cost  $10  coin  per  thousand  feet  B.  M. 

It  utterly  failed  to  protect  the  timber  irom  the  ^\•orms,  which  were 
not  more  than  two  months  longer  in  attacking  it,  than  in  the  untreated 
timber,  and  when  once  in,  their  a-tion  seemed  to  be  more  rapid  and 
<lestructive  than  in  the  latter ;  in  fact  they  relished  it  rather  more.  I 
Lave  no  confidence,  whatever,  in  the  ereosoting  of  timber  for  its  preser- 
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vation  from  -woviu  attack,  arnl  my  experience  and  observation  at  Wil- 
mington and  elsewhere,  leads  me  to  consider  it  an  utter  failure  ;  reports  of 
e.c  iiarie  commissioners,  special  engineers,  and  tests  by  samples  specially- 
prepared,  to  tlie  contrary  notwitlistanding.  It  is  possible  that  if  a  pile 
l)e  tlioroughly  saturated  with  tlie  oil  to  the  extent  of  10  or  12  pounds  to 
the  cubic  foot,  after  an  ample  seasoning,  it  may  stand  against  the  attacks 
of  marine  worms  for  a  long  time,  but  this  to  my  knowledge  has  never 
been  tried,  and  its  great  cost  makes  it  impracticable  except  for  a  very 
small  work  of  great  importance. 

In  Wilmington  harbor,  I  never  encountered  but  one  sjiecies  of  worm  ; 
this  did  not  exceed  \  inch  in  diameter,  nor  (5  inches  in  length  ;  it  ate  in 
every  direction,  thcnigh  generally  with  the  grain,  but  never  went  below 
the  sand  or  mud.  In  S  in  Francisco  harbor,  tliey  have  this  and  a  large 
worm,  \  inch  in  diameter  and  several  feet  long  ;  it  eats  below  the  mud  uji 
to  near  high  water. 

Plate  II  shows  the  extension  of  Rattlesnake  island,  along  the  work 
as  it  was  in  September,  1875.  The  first  800  feet  of  the  new  formation  is- 
well  covered  with  small  dunes,  each  having  a  vigorous  growth  of  young 
sand  plants  ;  these  were  started  from  seed  taken  from  the  older  plants, 
and  strewn  broadcast  on  the  sand.  In  a  few  years  this  new  piece  will  b& 
entirely  covered  with  green  dunes,  and  its  stability  be  as.sured.  Beyond 
the  point/,  (Plate  II,)  on  both  sides  the  work,  the  sand  is  banked  against 
it  to  half  tide  and  above,  so  as  completely  to  shut  out  the  worms,  and  all 
the  trouble  hereafter  will  be  that  arising  from  the  natural  decay  of  the 
timber.  Exposed  as  it  is  to  salt  water  only,  and  having  been  well  sea- 
soned before  use,  I  think  its  effective  life  may  be  rated  at  from  twelve  to 
fifteen  years,  four  of  which  have  now  *  passed,  and  it  is  expected  that 
before  decay  can  make  any  inroad  on  the  strength  of  the  work,  there 
will  be  a  wide,  firm  bank  of  sand  piled  against  it  by  wave  action,  like 
that  from  .Y,  to/.     (Phite  II.) 

The  details  of  tlie  cost  of  this  work  will  be  no  guide  for  that  of  some 
other  work  at  other  places,  as  it  was  built  under  exceptional  circum- 
stances, and  subject  to  many  unusual  contingenci(>s.  Plant  and  material 
had  to  be  paid  for  at  coin  rates,  and  be  brought  great  distances,  with 
high  freight  tariffs  ;  extra  expense  was  incurred  for  surplus  plant  to  pro- 
vide against  accidents  ;  wages  were  very  high  and  paid  on  a  coin  basis, 
and  the  obligation  of  rating  wages  on  the  eight  hour  system,  helped  to 
increase^  the  labor  cost.     Most  of  the  skilled   labor   an  la  large  bulk   of 

*  .July,   ISTi;. 


419 

tho   ordiniiry,  luul   to  hv  brought   by  sti-uiuor  from   Siiu  Friiurisco  at  a 
cost  of  -SIO,  coin,  por  lioad. 

Estimntiug  roughly  from  goncnil  data,  the  detailed  items  not  being 
at  my  command,  I  should  say  the  timber  work  alone— calling  the  1  000 
feet  of  double  work  e(inal  to  2  000  feet  of  single  work,  or  all  told  to  5  700 
feet  of  single  pile  work— cost  in  round  numbers  $227  000  currency,  or 
S30.82.i  per  linear  foot  :  this  includes  material,  labor,  and  interest  on 
cost  of  plant. 

The  double  work  proved  an  unnecessary  affair,  as  the  single  work  was 
quite  sufficiently  strong  to  stand  even  more  sea  than  the  former  was 
exposed  to;  unless,  indeed,  the  sand  does  not  bank  up  as  we  expect 
along  the  double  work;  in  this  case  it  will  prove  of  great  use,  as  it  is 
12  feet  thick,  filled  with  stone  to  the  top,  and  will  stand  effectively  far 
longer  than  the  single  work  nnder  like  circumstances. 

Before  the  completion  of  the  timlier  work  it  was  fonnd  we  would 
have  more  means  at  command  than  we  expected,  and  it  was  dete.  mined 
to  build  the  rest  of  the  line,  2  000  feet,  to  Deadman's  island,  of  heavy 
stone  riprap.  The  top  level  was  fixed  at  half  tide,  to  give  full  flow  to 
the  last  of  the  flood,  while  it  confined  and  directed  over  the  bar  the  last 
half  of  the  ebb.  Contract  was  made  for  the  delivery  of  stone  in  pieces 
of  i  ton  (gross,  2  240  pounds)  to  4  tons  each  ;  it  was  qnarried  at  Catalina 
i.sland,  brought  over  in  sailing  vessels,  and  then  transferred  to  a  heavy 
lighter— built  for  the  purpose  and  provided  with  derrick  and  engine— 
which  laid  it  in  place  on  the  line.  The  original  regular  curve  was 
deviated  from  to  meet  a  reef  of  hard  pxn  which  ran  out  from  Deadman's 
island  some  500  feet  to  h,  (Plate  IT,)  and  which  gave  a  firm  bottom  that 
would  not  scour  out  in  advance  as  the  work  jn-ogressed  ;  it  was  also  the 
line  of  .shoale.st  water.  At  the  end  of  the  double  work  was  a  pot  hole 
150  feet  wide  and  14  feet  deep  at  31.  L.  W.  ;  from  the  edge  of  this  to  h 
the  average  depth  was  4  feet,  and  from  h,  to  the  island,  it  gradually 
shoaled  to  zero. 

Getting  the  ?tone  into  this  line  snugly  and  without  Avaste  through 
unnecessary  spreading,  was  an  affair  that  required  great  care  and  constant 
close  personal  supervision.  The  derrick  lighter  was  used  for  handling 
the  heavier  pieces  only,  where,  on  account  of  low  water,  they  had 
to  be  placed  at  the  same  or  higher  level  than  the  deck  ;  for  the  rest, 
a  fleet  of  three  lighters  was  built,  each  40  X  18  X  3  feet,  of  50  tons 
gross  and  three  others  were  hired,  each  of  about  28  tons  gross,  carrying 
capacity. 
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Ou  these  ligliters  evei-ything  was  ou  deck,  to  which  they  were  always 
loaded  down  ;  they  were  moored  ou  th  J  line,  and  tlie  stone  dumped  over- 
board by  hand.  This  line  was  always  rough,  the  swell  and  surf  coming 
'broadsides  on,  and  washing  over  ev3rything,  and  slewing  the  lighters 
from  their  fore  and  aft  alignment,  necessitating  frequent  renewal  of 
rojjes  and  relaying  of  anchors  ;  and  sometimes  it  was  so  very  I'ough  that 
a  lighter,  to  avoid  being  swamped,  would  have  to  be  anchored  several  feet 
from  the  line,  with  some  play,  and  the  chance  seized  to  heave  over  the 
stone  as  the  vessel  swung  up  to  the  line.  I  was  always  present  on  board 
one  or  the  other,  or  all  in  succession,  of  the  lighters  while  unloading,  and 
maintained  severe  discipline  over  the  crews  about  keeping  the  lighters 
lip  to  the  line,  so  that  every  stone  should  go  where  it  w'as  wanted  and 
none  be  wasted  by  being  thrown  too  far  away.  It  was  nasty,  wet,  tire- 
some work,  and  I  was  heartily  glad  when  through  with  it,  as  were  all 
•others  concerned,  no  doubt. 

Early  in  the  stone  construction,  we  found  that  the  contractor  was 
going  entirely  too  slowly,  and  displayed  no  disposition  to  hurry  affairs, 
so  we  went  into  open  market  and  got  stone  from  all  possible  sources  : 
hea\'y  beach  boulders  were  gatliered  from  the  shore  above  San  Pedro, 
and  rock  was  quarried  from  Deadman's  island.  My  first  effort  was  to  get 
Si  thin  layer  of  stone  clear  across  to  the  reef,  at  h,  thus  securing  the  bot- 
tom and  i^reventing  a  scour,  that  would  materially  increase  the  cost.  In 
this  I  was  quite  successful  :  getting  the  sujjply  forces  well  organized,  we 
were  enabled  for  a  while  to  put  in  six  lighter  loads  a  day,  or  about  250 
tons.  Each  discharged  half  its  load  ou  the  line  over  its  length  of  40  feet, 
and  was  then  moved  ahead  its  length,  and  the  o'her  half  unloaded  over 
another  length  of  40  feet,  each  lighter  closing  its  load  on  that  of  the  pre- 
ceding one,  so  as  to  leave  no  gaps.  The  whole  length  of  line  to  7^— some 
1  500  feet — was  secured  in  six  days,  and  during  neap  tides,  and  no  cut- 
ting took  place.  By  this  manujuvre  Ave  saved  20  000  tons  over  the  original 
estimate,  which  allowed  for  scouring  and  settling.  The  line  was  raised 
to  a  uniform  height  of  4  feet  above  31.  L.  W.,  one  foot  extra  being  given 
to  allow  for  settling.  The  boulders  were  put  down  first,  and  covered 
with  tlu>  heavy  ston  ■  •  in  many  places  thest-  latt.'r  were  afterwards 
knocked  off,  l)ut  the  boulders  stood  the  heavy  surf  remarkably  well  ; 
being  covered  with  barnacles,  they  locked  into  each  otiier,  and  the  sea- 
grass  growing  on  them  very  rapidly,  aided  in  holding  them  together. 

The  line  had  a  toj)  width  of  from  12  to  20  feet,  with  natural  slopes, 
iind  in  less  than  two  years  after  it  was  built,  the  sand  had  filled  iu  against 
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it  on  both  siilos.  all  ulonp:  up  to  and  in  places  above  M.  L.  W.  It  con- 
suniod  13  000  tons  f>;i-oss,  of  stone,  ami  was  constructed  in  one  working 
season.     It  cost  about  ^10,  coin,  per  liueal  foot. 

It  admirably  aruswered  the  pur^jo-se  for  which  it  was  designed  ;  /.  e.,  to 
check  the  ebb  tides,  and  cause  them  to  exert  their  strength  on  a  line 
across  the  bar,  while  it  allowed  free  influx  to  the  flood  for  filling  the  tidal 
reservoir  inside  the  bay. 

I  found  in  one  of  my  series  of  current  observations  that,  after  the  ebb 
tide  luul  got  under  full  headway,  there  being  some  3  feet  of  water  over 
the  toj}  of  the  stone  line,  and  the  current  over  the  bar  being  as  high  as 
2i  miles  an  hour,  or  85  feet  per  second,  the  current  across  the  stone  line 
had  a  velocity  not  exceeding  in  any  lalace  \  mile  an  hour,  or  only  one- 
fifth  of  the  bar  velocity  ;  showing  that  the  friction  of  the  irregular  topped 
stone  line  on  the  bottom  layer  of  water  passing  over  it,  was  so  great  as  to 
materially  retard  the  surface  velocity.  This  was  so  remarkable  that  I 
several  times  repeated  the  experiment,  and  found  always  the  same  fact. 
The  flood  velocity  here  I  found  to  be  greater  than  that  at  a  correspond- 
ing stage  of  the  ebb,  due  no  doubt,  to  the  reinforcement  of  the  swell 
which  nearly  always  prevailed. 

As  soon  as  the  main  timber  work  was  completed,  it  was  thought  that 
a  perceptible  deepening  of  the  channel  would  take  place,  and  to  deter- 
mine the  rate  and  amount  of  such  erosion,  several  cross-section  lines 
were  selected  and  careful  soundings  made  over  them,  at  short  intervals 
of  time,  but  for  quite  a  long  w^hile  no  commensurable  effect  could  be 
detected.  The  current  velocities  were  known  to  be  greatly  increased, 
and  the  water  on  the  ebb  tides  was  seen  to  be  laden  with  sand,  which 
was  carried  seaward  and  not  brought  back,  for  the  flood  water  would  be 
comparatively  blue  and  clear  ;  and  from  the  top  of  Deadman's  island,  on 
a  strong,  spring  ebb,  the  ocean,  over  a  fan-shajied  area  of  several  thou- 
sand feet,  was  obsei-ved  to  be  very  turbid  and  discolored ;  but  still  no 
marked  channel  developed.  It  was  evident,  however,  that  the  bar  was 
being  shaved  off  uniformly  over  its  whole  area,  though  the  daily  or  even 
weekly  increment  of  depth  was  too  small  to  be  measured,  except  by 
sounding  tests  too  delicate  to  be  applied  near  the  wide  open  mouth  of 
an  estuary.  Some  of  the  sand  observed  in  motion  also  came  from  the 
seaward  end  of  the  inner  deep-water  channel,  Avhich  began  now  to  ad- 
vance bodily  seaward,  though  very  slowly.  There  was  danger  that  the 
increased  velocity  would  waste  itself  by  carrying  the  bar  out  bodily  and 
outside  the  mouth,  where  it  would  be  much  harder  to  deal  with. 
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An  effort  was  tlieref ore  made  to  concantrate  tlie  currents  more,  so  as  to 
-cut  a  channel.  The  matter  was  studied  carefully  and  executed  cautiously. 
While  the  main  stone  line  from  B  to  Z,  Plate  II.,  was  being  pushed  for- 
ward energetically,  a  low  training  wall,  300  feet  long  and  rising  to 
M.  L.  W.,  -was  put  in  along  part  of  the  line  marked,  Jetty  No.  1  (Plate  II). 
The  beneficial  effect  was  immediate  and  marked  ;  a  general  and  measur- 
able deepening  occurred  abreast  of  the  jetty  and  for  several  hundred 
feet  below  (by  which  I  mean  down  stream,  as  regards  ebb  tide  and 
vice  versa),  but  the  gi-eater  effect  was  immediately  above.  The  6  feet 
curve  widened  and  advanced  down,  as  did  also  the  12  feet  curve,  though 
not  to  the  same  extent.  The  former  soon  began  to  reach  out  an  arm 
towards  the  free  end  of  the  jetty,  and  the  channel  threatened  to  open 
right  across  this  end,  which  was  not  the  place  for  it ;  so  the  jetty  was 
extended  some  300  feet  to  M.  L.  IT.,  making  it  600  feet  long,  and  the 
first  300  feet  was  raised  to  half  tide.  As  the  natural  tendency  of  this 
training  wall  was  to  throw  or  deflect  the  whole  body  of  the  current  over 
against  the  opposite  reef  below,  making  the  channel  too  curved,  and 
bringing  it  too  close  to  the  reef,  a  short  jetty.  No.  2,  was  put  down, 
rising  only  to  31.  L.  W.  This,  with  the  reef,  made  a  long  training  wall, 
running  out  obliquely  from  A,  some  1  200  feet,  of  which  one-half  was 
bare  at  half  tide,  and  all  at  M.  L.  W.  This  jetty  was  built  late  in  March 
and  early  in  April,  1874,  and  some  six  months  oi-  so  after  the  main  stone 
line  had  been  finished,  it  was  about  250  feet  long. 

The  combined  effect  of  the  main  work  and  the  two  jetties  was  now 
very  marked,  and  on  the  spring  ebbs  the  water  over  the  bar  fairly  boiled 
like  a  tide-rip.  At  intervals  of  two  or  three  weeks,  trial  hues  were  sounded 
over,  and  changes  noted  ;  and  at  intervals  of  three  months,  elaborate 
surveys  were  made  from  above  jetty  No.  1  out  across  the  bar  to  deep 
water,  on  cross-section  lines  100  feet  apart.  The  soundings  were  care- 
fully plotted  and  the  curves  laid  in.  The  survey  of  April,  1874,  right 
after  the  completion  of  jetty  No.  2,  shows  the  6  feet  curve  had  extended 
from  the  inside  to  a  distance  of  225  feet  below  the  line,  L  A,  which  averaged 
400  feet  in  width,  with  7  and  8  feet  curves  close  behind,  w-ith  increased 
depths  for  some  distance  ahead  ;  also  a  6  feet  blind  channel  along,  near, 
and  jjaraUel  to  the  stone  line,  averaging  100  feet  in  width  with  jjlaces  7 
and  8  feet  deep,  and  some  800  feet  long.  Another  6  feet  channel,  with  7 
and  8  feet  pools,  ran  from  round  the  end  of  jetty  No.  2,  out  seaward  some 
900  feet,  and  averageel  200  feet  in  width.  The  G  feet  curve  outside  the 
bar  had  also  made  a  break  at  a  i)oiut  abreast  the  centre,  and  had  worked 
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in,  somo  500  fett  in  length  and  300  foot  wide.  The  current  forces  were 
evidently  working  hard,  but  needed  further  concentration  ;  they  were 
making  sevend  useless  channels  and  wasting  their  energy.  Jetty  No.  1 
was  raised  to  half  tide  throughout  its  length,  and  jetty  Xo.  2,  which  had 
s'ttled  a  little,  was  raised  a  few  inclus,  to  kec^p  it  well  up  to  tlie  plane 
of  ^f.  L.  ir.,  and  was  lengthened  50  feit. 

The  next  detailed  survey,  made  in  the  fall  of  1874,  showed  further 
wt'll  marked  changes  for  the  better  ;  the  inside  6  feet  curve  was  now 
down  some  700  feet  below  the  line  L  A,  then  shoaled  to  5  feet  for  150 
feet,  when  there  came  another  6  feet  curve  some  400  feet  long  and  200 
feet  average  width  ;  both  these  6  feet  curves  having  7  and  8  feet  curves 
over  much  of  their  length  and  width.  From  jetty  No.  2  a  straight,  well- 
defined  6  feet  channel,  with  a  7  feet  curve  well  up  Avith  it,  ran  out  towards 
the  6  feet  spur  outside — this  latter  having  shifted  from  its  centre  position 
over  towards  the  land — and  the  two  were  joined  by  a  5  feet  channel. 
Another  6  feet  spur  from  the  outside  curve  had  made  in  some  400  feet 
over  in  front  of  Deadman's  island.  This  left  a  broad,  flat  bar  right  in 
the  middle  of  the  mouth  of  the  estuary,  Avith  channels  on  each  side, 
making  a  F  shaped  affair,  Avith  the  stem  towards  the  inside. 

The  survey  of  January,  1875,  developed  this  tendency  still  more  ;  the 
Iwo  inner  6  feet  curves  had  joined,  and  the  outer  end  was  some  1  700 
feet  below  LA,  had  a  Avidth  averaging  over  200  feet,  with  a  7  feet 
c.irve  Avell  up  Avith  it,  and  carried  8  feet,  some  800  feet  beloAv  L; 
the  9  feet  curA'e  Avas  300  feet  below  L  ;  jetty  No.  2,  6  feet  channel, 
Avas  noA\-  clear  through,  with  7  and  8  feet  over  most  of  the  course,  and 
had  its  mouth  trending  to  the  southwest ;  there  were  also  from  the  head 
of  No.  2,  9  and  12  feet  channels  of  quite  fair  lengths. 

By  September,  1875,  the  main  6  feet  channel  had  worked  clear  through 
to  the  outside,  but  in  two  branches,  one  going  to  the  right  and  joining 
into  jetty  No.  2  channel,  and  the  other  bearing  to  the  left,  and  join- 
ing the  G  feet  spur  which  had  cut  out  in  front  of  Deadman's  island  ;  of 
the  two,  the  former  had  the  gi'eater  depth  and  Avas  the  wider. 

In  the  summer  of  1874,  a  contract  for  dredging  had  been  made,  the 
idea  being  to  expend  the  balance  of  the  funds  in  opening  a  cut  through 
the  reef  between  Deadman's  island  and  San  Pedro,  that  the  tides  might 
cut  down  the  bar  and  open  as  deej^  a  channel  as  possible.  It  became 
necessary  now  to  determine  definitely  which  channel  should  be  adopted: 
the  west  or  the  east,  and  though  the  former  Avas  at  the  time  the  better 
of  the  two,  it  Avas  thought  that  it  was  but  temporarily  so,  and  that  the  one 
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near  the  island  would  ultimately  j^rove  tlie  more  desirable.  To  test  this 
matter,  current  observations  were  made,  and  it  was  found  that  the 
general  set  of  the  strongest  portion  or  thread  of  the  ebbs  was  along  the 
axis  of  the  east  channel.  The  mouth  of  tlie  westward  or  landside  channel 
had  already  shown  a  tendency  to  work  off  to  the  west,  owing  to  its 
being  on  the  lee  side  of  the  bar  and  to  the  direction  of  the  prevailing  swell 
and  winter  gales  ;  and  it  was  apprehended  that  a  storm  would  be  liable 
at  any  time  to  drive  the  bar  or  a  spur  from  it,  right  across  the  mouth, 
thus  blocking  it  entirely,  or  else  shift  it  bodily  further  west,  making  the 
channel  very  crooked  and  unavailable  for  navigation  ;  and,  moreover,  this 
channel  had  a  rocky  reef  on  its  lee  side,  so  that  a  vessel  risked  a  total 
loss  if  stranded. 

The  other  channel  lay  undcu'  the  lee  of  Deadman's  island,  which 
would  greatly  break  the  force  of  storm  Avaves,  and  quickly  reached  deep 
water,  which  lay  to  Avindward  right  outside  the  island,  and  Avhere  there 
was  no  body  of  sand  to  be  driven  by  a  gale  across  the  mouth  ;  again,  if 
a  vessel  coming  in  in  a  storm  did  take  the  bottom  by  drifting  to  leeAvard, 
it  would  be  on  a  sand  bar  entirely,  where  there  was  greater  chance  of 
saving  life  and  cargo;  the  tendency  of  the  tides,  both  flood  and  ebb,  was 
to  set  through  this  channel  and  round  the  i.sland,  thus  promising  effec- 
tive aid  in  keeping  it  o]:)en. 

The  objection  to  this  channel  Avas  the  greater  length  and  depth  of 
reef-cutting  to  be  made,  augmenting  the  expense,  but  as  Ave  Avere  not 
cramped  as  to  means,  this  became  a  minor  fault;  the  points  in  its  favor 
being  so  many  and  marked,  it  was  adoiited,  and  subsequent  develop- 
ments proved  the  Avisdom  of  the  selection.  The  survey  of  December, 
1875,  (Plate  II,)  shoAvs  the  western  or  right  hand  6  feet  channel 
bi'oken  off  both  inside  and  at  its  mouth,  leaA'ing  only  a  blind  lead 
from  jetfy  No.  2  part  way  out ;  while  in  the  other  channel  there  was 
6  J  feet  and  most  of  the  way  7  feet,  at  M.  L.  W.  In  fact,  there  is  much 
more  water  along  this  channel  than  is  shown  on  the  chart,  but  it  is  due 
to  dredging,  and  the  aim  here  is  to  show  only  that  naturally  due  to  the 
scour  of  the  tidal  currents,  concentrated  and  guided  by  the  main  Avork 
and  the  training  Avails. 

The  intention  ultimately  is  to  get  from  10  to  12  feet  31.  L.  W.  over 
the  bar,  and  more  if  means  Avill  permit,  or  as  much  as  experience  Avill 
prove  the  currents  can  keep  open  ;  this  Avill  giA'e  16  to  18  feet  of  Avater  on 
the  high  spring  tides.  This  Avill  afford  a  good  second  class  harbor,  and 
if  i)ropcrly  utilized  will  be  sufficient  for  a  large  commerce. 
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To  i>ros(>rve  tliis  dc^pth  whon  uttaiued,  with  greater  certainly,  andti 
lessen  the  amount  of  dredging  necessary,  it  is  at  present  intended  to  con- 
tinue jetty  No.  2,  out  some  250  feet  on  its  axis  prolonged,  and  by  an 
easy  curve  bring  it  parallel  to  the  channel  and  carry  it  out  over  the  bar, 
keeping  the  top  at   or  a  little  below  its  present  level. 

The  submerged  reef  gave  less  trouble  than  was  anticipated,  a  cut  60 
feet  wide  ha\ang  been  made  clear  through  it  before  I  left,  and.  this  will 
be  widened  to  200  feet.  Charges  of  25  pounds  of  giant  powder  laid  on 
the  surface  and  exploded  at  high  water,  were  found  quite  sufficient  lo 
l.reak  up  the  material  so  that  the  dipper  of  the  dredge  could  get  hold  of  it. 

I  will  now  briefly  review  the  results  of  our  operations  up  to  Decem- 
ber, 1875. 

When  we  V)egan  work  in  1872,  there  was  over  the  bar  barely  1^  feet 
at  M.  L.  W.,  vdtli  no  defined  channel  whatever.  In  December  1875,  as 
the  immediate  result  of  our  works,  we  had  a  straight,  clearly  cut,  well 
defined  Ht  feet  .V.  L.  W.  channel,  well  situated,  with  fair  prospects  of 
continued  improvement.  The  fi  feet  curve  averaged  250  feet  in  width, 
and  through  most  of  its  length  across  the  bar,  7  feet  at  smooth  water 
could  be  carried.  This  shows  an  absolute  gain  of  5  feet  of  water  on  the 
bar.  At  first  sight  this  may  seem  iusignificaut,  but  a  moment's  consider- 
ation will  convince  that  a  5  feet  increment  on  a  bar  is  no  small  matter. 
According  to  the  rule  hereintofore  cited,  that  the  tonnage  capacities  of 
different  harbors  vary  directly  as  the  cubes  of  their  bar  depths,  it  will  be  • 
seen  that  this  increase  of  5  feet  has  rendered  the  capacity  of  this  harbor, 
for  tonnage,  over  81  times  as  great  as  it  was  originally.  This  has  been 
accomplished  by  tidal  currents  alone  and  acting  on  a  hard  drift  bar, 
and  not  by  the  aid  of  a  river  of  constant  velocity  and  direction  and  act- 
ing over  a  soft  muddy  bottom,  where  of  course  greater  absolute  results 
might  be  expected. 

It  is  generally  aelvanced,  I  believe,  that  eddies  tend  to  produce  shoal- 
ing in  their  immediate  vicinity  ;  this  is  undoubtedly  true  where  the  eddy 
is  of  large  surface  diameter  and  slow  velocity  at  the  perimeter  ;  but 
small  eddies  of  fram  2  to  8  feet  surface  diameter  and  of  high  rotary 
velocity  aid  greatly,  I  am  led  by  my  observation  to  believe,  in  efiect- 
ing  scour,  by  their  augur  like  or  boring  action  on  the  bottom.  I 
noticed  that  on  strong  ebb  tides,  the  water  would  be  full  of  small 
eddies,  in  each  of  which  the  sand  could  be  seen  boiling  up  from  the 
bottom  or  apex  of  the  eddy,  and  in  one  of  these  I  have  measured 
an  increase  of  6  to  8  inches  in  depth   in  an  hour  ;  but  the  principal 
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ground  for  this  belief  is  the  fact  that  on  the  Wilmington  bar,  where 
a  scour  occurred,  the  bottom  became  j)itted,  first  with  small  pot  holes, 
6  to  8  inches  below  the  general  surface,  and  of  about  2  feet  top  diam- 
eter ;  this  was  invariable,  and  was  always  noted  and  accepted  as  the 
precursor  of  a  general  deepening.  These  pot  holes  would  finally  join  or 
run  into  each  other,  and  then  a  well-defined  cut,  with  smooth,  uniform 
bottom,  would  obtain,  my  very  frequent  and  close  sounJiug  surveys 
enabling  me  to  study  this  action  intelligently.  Did  not  the  expense 
forbid,  a  publication  of  these  successive  surveys  would  prove  an  interest- 
ing and  instructive  study  as  to  the  gradual  formation  of  a  channel  under 
current  action,  and  those  resident  members  who  are  interested  espt'cially 
in  this  matter,  may  find  it  worth  their  while  to  examine  the  different 
tracings  and  photographs  left  at  the  rooms  of  the  Society. 

Engineering  authorities  give  a  number  of  tables  of  current  velocities 
necessary  to  move  certain  materials,  as  sand,  mud,  cLty,  gi*avel,  &c. 
These  tables  are  approximately  alike,  and  the  velocities  given  by  them, 
especially  Du  Buat's,  are,  I  think,  all  too  small  to  be  relied  on  in  practice. 
They  are  generally  founded  on  experiments  in  smooth  troughs  or  small 
channels,  with  both  material  and  water  in  small  quantities.  In  pra<!tice 
we  have  to  deal  with  both,  in  large  masses  and  moving  over  irregular  sur- 
faces. My  own  observation  leads  me  to  believe  that  the  tabular  velocities 
in  practice  should  be  doubled,  at  least,  in  calculating  definite  residts  to  bo 
expected  from  increased  current  velocities,  /.  e.,  instead  of  expecting  fine 
sand  to  be  scoured  out  by  a  current  of  h  mile  per  hour,  the  engineer  had 
better  plan  to  raise  the  velocity  to  1  mile  an  hour,  and  then  give  his 
stream  a  generous  amount  of  time  wherein  to  do  the  work. 

In  conclusion,  I  would  say  that  the  credit  for  the  success  of  the  work 
described  in  this  paper  belongs  to  George  H.  Mendell,  Major,  Corps 
Engineers,  U.  S.  A. ,  under  whose  general  direction  it  was  executed,  and 
without  whose  ad\dce  or  assent  no  step  of  importance  was  taken.* 

*  This  paper  was  prepared  at  odd  moments  dnrinp;  the  past  winter  and  sprinpr.  After  it 
had  been  finished  some  weeks  I  received  the  printed  copy  of  the  Report  as  to  the  Practicability 
of  the  Improvement  of  the  Entrance  to  Cumberland  Sonnd,  by  Gen.  Q.  A.  Gillmoro,  Lieut. 
Colonel,  Corps  Engineers,  U.  S.  A.,  (Member  of  the  Society),  published  as  Senate  Ex.  Doc.  No. 
60.  Tliis  report  covers  a  good  deal  of  matter  touched  on  in  this  paper,  relatina  to  tidal  action 
and  effect  of  training  walls,  and  contains  a  very  able,  comprehenaivp,  and  e.xhanstive  theoretical 
discussion  of  the  subject;  to  those  desirous  of  studying  this  matter  further  I  would  recom- 
mend it. 
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WILMINGTON    HARBOR,  cal. 

Compiled   from  Surveys  of '72-73-74-75. 


The  6  ft.  curve  across  the  iar  Is  calculated 
as  found  from  surveys  m  Dec.  '75. 
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2^0  TES:     Soimdings   in  feet—  referred  to  plainr 
of  mean  low   water. 
The  fiiU  black  indicates  average  7t/gh  wetter. 
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